AD  No 

DDO  FILE  COPY  AD  A 05 49 91 


FOR  FllSIHER  IRAN 


A Literature  Review  - Problem  Definition  Studies  on  Selected  Toxic  Chemicals 


Volume  6 of  8 

OCCUPATIONAL  HEALTH  AND  SAFETY  AMD  EKVIROMMEflTAL 
ASPEaS  OF  UREA-FORMALDEHYDE  RESINS 


Final  Report  - April,  1978 


Shu-hsi  Hsia:^,  Ph.D. 


Prinsipai  Inoestigatap 
Jon  E.  Villaume,  Ph.D. 


Pevieixd  hv 


Frederick  J.  Goldstein,  Ph.D. 


Supported  irj 

U.S.  Arsy  Medical  research  and  Development  Connand  ^ 

Fort  Detrick,  Frederick,  Maryland  21701 


Contract  Ho.  DA.«0-1 7-77-C-7020 


adn 

' r«*i 

i?;i  iiiu  19  iQ7s  Ai. 


UIIICICUC  IIU.  UH.TU-1 /-//-U-ZUiU  -,Q7q  jj!' 

Jyn  i.»io  ;;ii 

ip\  jil* 

Project  Officer  \ j \ hUf^ruU  » ? liliL 

First  Lt.  Carl  9.  Rowlett,  Medical  Services  Corps  A 

Environmental  Protection  Research  Division 
U.S.  Army  Medical  Bioengineering  Research  and  Development  Laboratory 
Fort  Detrick,  Frederick,  Maryland  21701 


/^proved  for  Public  Release;  Distribution  Unlimited 


The  findings  in  this  report  are  not  to  be  construed  as  an  official  Departnent 
of  the  An^’  position  unless  so  designated  by  other  authorized  docun«nts. 


SCIENCE  INFORMATION  SERVICES  D£P.A««*£hT. 
llllllIjniE FUANKUN LNSTiH^ RESEARCH  LABORATORIES 

THEBEXiAMIXFRANKUXrARKViAy  - yHOADEiraW,  ?EX\SYLVANTA  19103 


security  CCASSlFtCATlCKC  OF  THIS  PACE  &«f»  tintrr^ 


REPORT  DOCUMENTATIOH  PAGE 


1.  REPORT  NUMBER 


A Literature  ^Review-Problea  Dcrinitioa  Studies  on 
Sheeted  Toxic  .Cheaicals*  ^Voluise  6s 


OCCUPATIONAL^JIEALTH  AND  . SAFETY  AND.^ESVROKKENTAL 
ASPECTS  OF  UREA-FOKHALD^DE  RESIKS'. 


AND  ADDRESS 


READ  INSTRUCTIONS 
BEFORE  COJIPLETINC  FORM 


piEnt*s  catalog  number 


■-  CONTRACT  OR  grant  NUMBERfaJ 

nAK!)il7-77-C-7jfeO  ^ 


Science  Infomation  Services  Departsent  ^ ^ 

The  Franklin  Institute  Research  Laboratories  ^ 
The  Benjanin  Franklin  Parkvay-Phila- , Pa-  19103 


Ik  §!?*3^^*^3ic!S*Ke?eaTCn°an^^DevelopE!ent  Cotxsandv  | 
Fort  Detrick,  Frederick,  Maryland  21701  f I A 


12.  REPORT  DATE 


/^//  jf  Anrfi.  »78  i 
f f • lU-iJe-mmacRXir  pages 


amj' 


1«.  MONITORING  ACENC 


.jADORESSflf  OUlTima  baat  Cdatr»U<sx  0!Scc>  IS.  SECURITY  CLASS,  fof  dJa  npaetj 

I Unclassified 

ISA.  OECLASSlFlCATTOX/OOMNCRAOlNG 
SCHEDULE 


IS.  nSTRISUTlON  STATEMENT  fof  Shfo  Rai>cei} 


-Approved  for  public  release;  Distribution  unlisiited 


t7.  ClSTrvlSuTXOss  STATEmSssT  f»f  •5sSr«c;  tcttrS4^Sla  8Z9<3i  St  ^ttsTsaz 


■ ii 

■E> 


I*.  KEY  »OROSfCc»=lJ=o  m T«Trr»o»ij>  ff:>»eo»**TAra^  *7-— ®=*«==S«} 


Analysis 
Aninal  toxicity 
Aouatic  orsanisxs 
Bioaccursilation 
Biological  degradation 


MBSTPACT  fCcesSXac*  sa  aSim  St  t 


Carcinogenicity 
Chenical  degradation 
Chesical  properties 
Dispersion 
Domestic  aniaals 


Engineering  controls 
Environmental  fate 
Formaldehyde 
Ihisan  toxicity 
Industrial  hygiene 


The  Problem  Definition  Study  provides  a literature  revie»  (88  references) 
on  occupational  health  hazards  and  environmental  izrpacts  of  urea-formaldeityde 
resins.  This  study  covers  the  physical  and  chemical  properties,  toxicity 
in  humans  and  anicals,  effects  on  microorganisms,  plants^  and  soil  organ- 
isms, pharmacokinetics,  fate  in  the  environment,  industrial  safety  standards 
and  practices  and  sampling  and  analysis  of  urea-formaldehyde  resins.  En- 
vironmental ispacts  arc  discussed  and  recommendations  for  further  studies  . 


FORM 
I JAM  73 


Eom'TN  OF  t Koves  isoasoLETc 

^lo  nil 


SECURITY  CLASSIFICATfCN  OF  THIS  PACE  f»»<»  O*:*  Ensn^ej 


Unclassified 

SECUWTY  C1.ASSIFICATIOS  OF  THIS  PACEfW»«o  EaMmS} 


19.  KEY  KURDS  (Cont’d) 


llicroorganisns 

Ifutagenicity 

Occurrence 

Persistence 

Pharcacokinecics 

Physical  properties 


Plants 

Resins 

Safety  practices 

Saspling 

Soil  organises 


Standards 

Teratogenicity 

TLV 

Toxicity- 

Transport 

Urea-forrsaldehyde 


20. 


ABSTRACT  (Cont’d) 


are  provided.  Urea-fomaldehyde  resins  are  aixtures  of  condensation  ?ro»^ucts 
of  urea  and  forealdehyde  vith  indefinite  composition,  and  structure  depending 
on  the  degree  of  polymerization.  The  hi^ly  polymerized  resins  are  inert 
solids  which  are  very  stable  under  anient  conditions  and  are  not  readily 
degraded  in  the  environment.  The  low  nclecular  vei^t  condensation  products 
are  viscous  liquids  or  po-wdery  solids  which  decompose  easily,  releasing  free 
formaldehyde  that  is  highly  irritating  to  eyes,  skin  and  mucous  rreabranes  of 
humans  and  animals.  They  can  be  used  as  antibacterial  products,  i^ore 
urea  than  formaldehyde  is  present  in  the  low  molecular  weight  cotc^ns^^on 
products,  they  can  be  applied  as  fertilizers  which  are  slo-wly  degraded 
soil  micro  flora  to  release  soluble  nitrogen  for  growing  plants.  No  reports^^ 
on  the  effects  of  urea-formaldehyde  resins  on  carcinogenesis,  mutagenesis  or 
teratogenesis  were  found  in  the  literature,  nor  were  reports  on  their  effects 
on  w-ildlife  or  aquatic  organisms  available.  Although  these  resins  are  non- 
flamsable,  they  do  decompose  under  pyrolysis  giving  off  toxic  gas.’s  such  as 
hydrogen  cyanide,  carbon  monoxide,  amnonia  and  carbon  dioxide.  T.cre  are 
no  TLV  or  OSHA  standards  set  for  urea-formaldehyde  resins  in  the  workroom 
environment.  Industrial  safety  practices  involve  the  prevention  of  hazards 
caused  by  the  release  of  formaldehyde.  Special  sampling  and  analytical 


methods  are  discussed. 
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SCCumTY  CLASSIFICAnOM  OF  THIS  PASEflCrm  Dm 


EXECUTpyE  SUMMARY 

The  literature  review  (88  references)  discusses  the  occupational  health 
and  safety  of  urea-forEaldehyde  resins. 

Urea— fomaldehyde  resins  are  themosetting  plastics  used  extensively  in 
adhesive,  molding,  laainating,  coating,  insulation,  textile  and  paper  treat- 
nent-  These  resins  are  a fixture  of  condensation  products  of  urea  and  for- 
Ealdehyde.  The  coi^csitioa  and  structure  of  these  products  depend  on:  a) 
conditions  of  the  reaction,  b)  degree  of  polymerization,  and  c)  solar  ratio 
of  the  two  cociponents.  The  foas  fora  of  the  resin  is  prepared  by  the  inter- 
action of  urea  and  formaldehyde  in  the  presence  of  a catalyst  and  a surfactant. 

Low  molecular  weight  products  exist  either  as  a water-soluble  viscous 
liquid  or  a white  powdery  solid.  These  are  converted  by  heat  or  acid  into  high 
polymeric  forms  which  arc  water-insoluble  amorphous  solids.  These  two  groups 
of  resins  will  be  discussed  separately. 

The  high  polymeric  forms  ot  the  resins  are  colorless,  transparent,  odor- 
less and  tasteless  solids,  insoluble  in  cold  water,  cold  dilute  acids  or 
alkalis.  They  are  not  affected  by  cosmon  organic  solvents,  oil  or  grease, 
but  are  decomposed  in  boiling  water  or  in  hot  strong  acids  or  alkalis.  Ko 
studies  on  their  effects  on  birds,  aquatic  organisms  or  wildlife  are  found 
in  the  literature.  When  the  resins  are  ingested  by  animals,  they  are  ex- 
creted in  the  feces  without  being  metabolized.  Since  they  are  very  stable 
under  ambient  conditions,  accuailation  in  the  environment  is  ejn>ected. 

The  low  molecular  weight  condensation  products,  on  the  other  hand,  have 
quite  different  properties  and  effects.  They  are  soluble  in  water  and  alcohol 
and  deco^ose  easily  with  the  release  of  formaldehyde,  which  is  the  main  cause 
of  toxic  effects. 

Formaldehyde  is  highly  irritating  to  eyes,  skin,  and  mucous  membrane. 

It  is  generated  (1)  during  z^anufacture  of  the  resins  because  it  is  one  of  the 
components,  (2)  during  processing  of  the  resins  when  heat  is  applied,  such 
as  molding,  laminating,  etc.,  (3)  frra  resin  products  which  contain  incospletely 
reacted  formaldehyde,  and  (4)  from  finished  products  which  are  not  completely 
polymerized  and  decompose  slowly  to  release  formaldehyde. 

Toxicity  studies  on  urea-formaldehyde  resins  have  focused  upon  the 
effects  of  formaldehyde  which  is  generated  as  discussed  above.  F.ye  irritation 
was  reported  among  factory  workers  and  score  employees  where  resin-treated 
fabrics  were  sold.  Dermatoses  developed  among  persons  wiio  came  into  direct 
contact  with  Che  resins,  such  as  workers  engaged  in  processing  the  resins 
and  individuals  wearing  clothing  made  from  resin-created  fabrics,  which  con- 
tain insufficiently  polymerized  resin. 


The  low  nolecular  wei^t  condensation  products  exert  different  effects 
on  laicroorganiscs  depending  on  the  prcpcrtica  of  urea  and  forrsaldehyde  in 
the  product.  When  the  quantity  of  urea  is  less  than  that  of  foraaldehyde, 
the  product  has  antibacterial  activity  and  has  been  used  clinically  to  treat 
certain  skin  infections.  Khen  sore  urea  is  present  than  foroald^yde,  the 
resiilting  product  can  be  degraded  by  soil  sicroorganisn  into  soluble  nitrogen 
coxpoimds  so  that  the  product  be  used  as  fertilizers. 


In  the  enviromaent  the  hig^y  T>oly3erized  resins  are  stable  to  degrada- 
tion under  ordinary  use-related  conditions.  Althou^  they  are  non-flasaable, 
they  do  decompose  by  incineration  to  release  toxic  gases  such  as  hydrogen 
cyanide,  carbon  oonoxide  and  annonia.  The  low  laolecular  wei^t  condensation 
products  are  easily  degraded  chenically  in  hot  water,  dilute  acid  or  alkaline 
solutions,  and  biologically  by  soil  sicroflora. 

Ko  reports  on  carcinogenicity,  sitagenicity,  or  teratogenicity  of  urea- 
fomaldehyde  resins  were  found  in  the  literature.  Neither  are  there  any 
stijdies  on  the  effects  on  aquatic  organisss,  birds,  or  wildlife. 

There  are  no  industrial  threshold  Unit  values  for  urea-fomaldehyde 
resins.  Safety  practices  involve  saialy  the  prevention  of  hazards  produced 
by  fomaldehyde,  such  as  enclosed  operations,  adequate  ventilation,  cool  roon 
t^^>erature,  protective  clothing  and  creans,  personal  hygiene,  sedical  check-up 
and  education  of  workers. 

Special  oethods  for  sarsling  and  analysis  of  these  resins  are  discussed. 

Their  irpact  on  the  environnent  is  assessed  and  recosendations  for 
further  studies  are  provided. 


ABSTRACT 


The  Problea  Definition  Study  provides  a literature  review  (88  references) 
on  occupational  health  hazards  and  environsental  icipacts  of  urea-forsaldehyde 
resins.  This  study  covers  the  physical  and  chesical  properties,  toxicity 
in  hunans  and  anicals,  effects  on  sicroorganisns,  plants,  and  soil  organises, 
phansacokinetics,  fate  in  the  environnent,  industrial  safetv  standards  and 
practices  and  sampling  and  analysis  of  urea-forxaaldehyde  resins.  Environ- 
mental impacts  are  discussed  and  recommendations  for  further  studies  are 
provided.  Urea- formaldehyde  resins  are  mixtures  of  condeitsation  products 
of  urea  and  formaldehyde  with  indefinite  composition,  and  structure  depending 
on  the  degree  of  polymerization.  The  highly  polymerized  resins  are  inert 
solids  which  are  very  stable  under  ambient  conditions  and  are  not  readily 
degraded  in  the  environment.  The  low  molecular  weight  condensation  products 
are  viscous  liquids  or  powdery  solids  which  decompose  easily,  releasing  free 
formaldehyde  that  is  highly  irritating  to  eyes,  skin  and  mucous  membranes  of 
humans  and  animals.  They  can  be  used  as  antibacterial  products.  If  more 
urea  than  formaldehyde  is  present  in  the  low  molecular  weight  condensation 
products,  they  can  be  applied  as  fertilizers  which  are  slowly  degraded  by 
soil  micro flora  to  release  soluble  nitrogen  for  growing  plants.  So  reports 
on  the  effects  of  urea- formaldehyde  resins  on  carcinogenesis,  mutagenesis  or 
teratogenesis  were  found  in  the  literature,  nor  were  reports  on  their  effects 
on  wildlife  or  aquatic  organisms  available.  Although  these  resins  are  non- 
flam=»able,  they  do  decoispose  under  pyrolysis  giving  off  toxic  gases  such  as 
hydrogen  cyanide,  carbon  monoxide,  ammonia  and  carbon  dioxide.  There  are 
no  TLV  or  OSHA  standards  set  for  urea- formaldehyde  resins  in  the  workroom 
environment.  Industrial  safety  practices  involve  the  prevention  of  hazards 
caused  by  the  release  of  formaldehyde.  Special  sampling  and  analytical 
methods  are  discussed. 
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FOBEHOSD 


The  industrial  hygiex>e  and  occupational  health  research  progran  of 
the  0.  S.  An^  Medical  Bioengineering  Research  and  Development  Laboratory, 

Fort  Detrick,  Frederick,  Maryland  was  initiated  to  study  health  prohlens  and 
recormend  criteria  for  occupational  exposure  to  mlitary-unique  chenicals. 

This  Problem  Definition  Study  (FDS)  has  been  prepared  as  part  of  the  research 
program  under  Contract  Nuaber  DAMD-17-77-C-7020  in  order  to  provide  the 
published  data  relating  to  occupational  health  and  safety  aspects  and  environ- 
mental effects  of  urea— formaldehyde  resins.  These  resins  are  mixtures  of 
condensation  products  of  urea  and  formaldehyde.  The  subjects  covered  in 
this  report  include  physical  and  chemical  properties,  toxicity  in  humans 
and  animals,  effects  on  plants,  microorganisms  and  ^cil  organisms,  pharmaco- 
kinetics, fate  in  the  environment,  industrial  hygiene  standards  and  safety 
practices,  sailing  and  analysis.  Environmental  impacts  are  discussed  and 
reccamendations  for  further  studies  are  provided. 
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The  main  objective  of  this  study  is  to  provide  a literature  review  and 
an  evaluation  of  the  health  hazards  and  environnental  -inpacrg  of  urea- 
foroaldehyde  resins. 

Urea-fonaaldehyde  resins  are  niztures  of  condexisation  products  of  urea 
and  fonaaldehyde;  there  is  no  single  conposition  or  structure.  These 
resins  are  thenaosetting  plastics  widely  used  in  adhesives,  surface  coatings, 
Qolding  of  plastic  objects,  insulation,  and  textile  and  paper  treatnent. 

The  present  study  provides  a literature  review  covering  physical  and  chenical 
properties,  toxicity  in  huaans  and  anioals,  effects  on  sicroorganisxas  and 
plants,  phamacokinetics,  fate  in  the  environment,  sampling  and  analysis, 
industrial  health  hazards  and  safety  standards.  Environnental  ispacts  will 
be  discussed  and  recoTnendations  for  further  studies  will  be  given. 
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PHYSiaAL  AND  CHEMICAL  PROPERTIES 


Urea-foroaldehyde  resins  represent  a group  of  condensation  products  of 
urea  and  fonaaldehyde  for  which  there  is  no  definite  conposition  or  structure. 
Depending  on  the  conditions  of  the  reaction  (pH,  tenperature,  catalysts,  etc.) 
and  the  ooiar  ratio  of  urea  and  fomaldehyde,  the  condensation  products  nay 
exist  as  a w'ater-soluble  viscous  liquid,  a white  powder,  or  a colorless, 
transparent,  amorphous  resin.  They  belong  to  the  class  of  themosetting 
plastics  because  they  are  heat  s^sitive  and  thenaofusible.  Vhen  cured  by 
heat  or  acid,  condensation  products  are  converted  to  higher  polyiaeric  f orris 
which  are  hard,  water- ...isoluhle,  nonflacczable,  heat  and  electric  arc  resistant. 
Various  fillers  and  derivatives  nay  be  introduced  into  the  resin  to  rseet  specific 
requirenents.  The  physical  and  chenical  properties  of  these  resins  will  be 
discussed  in  the  following  section. 


A.  HISTORY 

The  reaction  of  urea  and  fomaldehyde  was  first  investigated  by  A.  HSlzer 
(188A)  and  C.  Goldschaidt  (1896).  During  the  1920s,  intensive  studies  were 
conducted  in  Europe  to  find  use  for  the  adhesive  properties  of  the  intermediate 
products  and  the  inert  quality  of  the  cured  final  products  of  urea  and  form- 
aldehyde. Applications  in  molding,  laminating,  coating,  insulating,  and  textile 
and  paper  treatment  were  investigated.  The  first  coonercial  products  appeared 
around  1930  (1-3).  The  chemical  names,  synonyms  and  trade  names  of  urea- 
formaldehyde  resins  are  listed  in  Table  I. 
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B.  PHYSICAL  AND  TEQiNICAL  PROPERTIES 


The  simple  condensation  products  of  urea  and  formaldenyde  (the  monomers 
and  dimers)  are  viscous  liquids  wJiich  are  soluble  in  water  and  in  alcohol. 

The  intermediate  products  (polymers  of  moderate  molecular  weights)  are 
amorphous  powders  soluble  in  pyridine,  aqueous  formaldehyde,  formic  acid,  and 
dilute  mineral  acids  (with  some  decomposition). 

The  cured  final  products  are  high  molecular  weight  colorless  transparent 
solids,  which  are  insoluble  in  cold  water  and  decomposed  in  boiling  water. 

They  are  colorless  and  tasteless,  and  are  relatively  unaffected  by  cotsaon 
or-anic  solvents,  oils,  greases,  cold  dilute  acids  or  alkalis  (but  are  decom- 
posed by  hot  acids  or  alkalis)  (1— A).  They  do  net  discolor  with  time  or  light, 
but  are  affected  by  changes  in  humidity  (contraction  and  expansion)  because 
the  final  products  contain  a small  percentage  of  water.  The  slow  evaporation 
of  this  water  with  time  also  causes  tiny  cracks  and  slight  distortion  of  the 
final  products  (1-3) . 

Various  fillers,  such  as  celltilose,  wood  flour,  pigment , mineral,  asbestos 
glass  fibers,  etc.,  are  added  to  the  resins  to  reinforce  tneir  strength  and 
inprove  their  quality  for  molding  purposes.  Alcohol  derivatives,  especially 
n-butanol,  are  introduced  to  improve  the  solubility  of  the  resins  in  non- 
aqueotis  solvents  idien  they  are  used  as  surface  coatings  (1-3).  The  physical 
and  technical  properties  of  urea-formaldehyde  resins  are  listed  in  Table  II. 
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TABLE  I 


XAIIES  OF  UREA-FORMALDEHYDE  RESINS 


Chea.  Abs-  Reg.  No:  9011-05-6  Holecular  fornula  (CH!jN20,CH2^ 

Systeaatic  Nai^e:  Urea,  Polyner  with  fcraaldehyde  (Cheoical  Abstracts  9th  C I) 


Synonyns:  Methylene-N,N*-bis(hydroxyniethyl)  urea  polytier 

urea-forcaldehyde  copolyraer 
urea-foraaldehyde  resin 
urea-formldehyde  condensate 
urea-foraaldehyde  prec^densate 
urea-f ornal  dehyde  prirsary  condensate 
urea-fonaaldehyde  polyaer 
urea-fomaldehyde  prepolyiser 
urea-forcaldehyde  oligoiaer 
urea-forcaldelwde  adduct 
paraforaaldehyde-urea  resin 
parafomaldehyde-urea  polyner 
forsalin-urea  copolyser 
formaldehyde  copolyacr  with  urea 

Uraaite  - DuPont,  E.  I.  DeXetsours  & Co.,  Biochec.  Dept. 
Anaflex  - Ed.  Geistlish  Sohne  AC,  Kolhuscn,  Switzer la*’d. 
Casco  UL  ?0  - Borden  Chea. , Div.  of  Borden  Inc. 

Pia there 
Pianizol 
Sosylin 

Ponosylan  - Berk  Pharcaceuticals,  England 
Poiynoxylin 

Hygraaull  - BASF,  Gercany 

Mouldrite  A256 

K 411-02 

MFPS-1 

K?-l 

MF 

yKS-72 

M-70 


IHalmjtrlu  HtruiiKtIii  300-M)0  rjO-'J^O  3UO-AOO  650-720  330-370  12-18  ’''''mill  650-720 

3/66"  ililck  iliHc  (dliort  tlwo) 

OloU'Utrl)!  Htri'i'-l'lii  350-370  300-380 

1/8"  llllllk  iMhI! 


AmhIiih  MlirinkHM«i  nilH/tn 
''•H  Itfi  l04*(i  ft"IJ 


Coosercially,  these  resins  are  prepared  by  condensing  various  proportions 
of  urea  and  fonsalin  (35-40Z  aqueous  solution  of  foraaldehyde)  in  slightly 
alkaline  conditions. 

The  aechanisn  for  the  condensation  of  urea  and  foraaldehyde  is  very  com- 
plicated. There  are  various  possible  pathvays  by  uhicb  the  four  replaceable 
hydrogen  atoss  of  urea  react  with  foraaldehyde  to  produce  three  diaensional 
structures.  The  properties  of  the  final  products  are  detemined  by  a)  the 
ar  ratio  of  urea  and  foraaldenyde,  b)  reaction  pH  and  temperature,  c) 

catalyst  eiroloyed,  and  d)  extent  of  condensation.  When  one  aole  of  urea 
reacts  with  one  or  tvo  aoles  of  foraaldehyde  at  "ordinary  temperature"  in 
slightly  alkaline  solutions  (pH  7.5-11),  uhite  crystalline  aonoaers  are  ob- 
tained uhich  are  soluble  in  vater  and  melt  at  111°C  (for  aonoaethylolurea) 
and  126®C  (for  diaethylolurea).  The  melting  points  for  the  nonoaers  are  not 
sharply  defined  because  they  tend  to  -polynerize  at  high  tenperatures  (110®— 
165®C)  yielding  azDmhous  substances  vhich  aelt  at  260®C  vith  deccna>osition 
(1,2). 


E2S(2iH2  + KCEO  — > H2SCSHCH20a 


HOCH2SHDIHCH2OH 


aonoaethvloltnrea 


dice thy lolurea 


In  acidic  solutions,  these  cethylolureas  are  converged  to  insoluble  unite 
granular  deposits  which  are  similar  to  the  "Goldschni d t * s coapound"  with  the 
formula: 

® o ® 0 0 

EOC32J*HCXECH20H > H2C>^C3*HCa20H  — ^>rca2=^'CSHCH2h'HC3<HCa20H} 


Further  condensation  by  elimination  of  water  probably  proceeds  through  the 
following  steps: 


(1)  formation  of  metl^rlene  linkages, 

° ° -E,0  ° ® 

XX  xz  *•  w 


-CS!CH2<K1  -5-  H2:<C- 


->  -CSHCH2SEC- 


(2)  formation  of  methylene  ether  linkages, 

O ® -H  n ® ® 

ft  f«  njU  - ft 

-CXHCH2<S  + K0CH2JJaC » -CSHCa2-0-CH2J«iC- 

These  intermediate  products  react  with  more  formaldehyde  or  meti^lolureas 
to  form  branched— chain,  cross-linked  polyzsers  whitd:  are  insoluble  and  infusible 
The  curing  process  is  accelerated  by  high  tenperature  and  acidic  conditions 
(1,2  ), 


The  cured  resins  do  not  bum  on  free  flame  but  crack  and  char  with  the 
odor  of  burned  fish.  Pyrolysis  studies  showed  carbon  dioxide,  carbon  sxmoxide 
and  hydrogen  cyanide  are  the  major  gaseous  products  (9-12). 


Ill,  HUMAN  TOXICITY 


In  view  of  the  literature  available  to  date  the  cosspletely  cured  urea- 
fornaldehyde  resins  do  not  appear  to  be  toxic.  However,  during  the  sanufacture 
of  these  resins,  one  of  the  starting  co^sHninds,  fonsaldehyde,  is  highly  ir- 
ritating to  eyes,  micous  sechranes  and  skin.  The  other  starting  naterial, 
urea,  has  not  been  shown  to  be  toxic  (1).  The  inco:roletely  cured  resins  or 
the  low  laolecular  weight  condensation  products  say  contain  unreacted  forsalde- 
hyde  which  could  produce  toxic  synptons.  Under  inefficient  corbtjstion  con- 
‘iitiour.  these  resins  release  toxic  gaseous  products,  such  as  carbon  sonoxide, 
hydrogen  cyanide  and  annonia,  which  nay  be  the  cause  of  death  of  sone  fire 
victins  (9,10). 

Although  urea  fomaldehyde  resins  are  present  in  nunerous  products  utilized 
daily,  very  few  cases  of  unpleasant  reactions  due  to  their  enployaent  have  been 
reported  in  the  United  States.  The  priaary  toxicity  of  these  resins  coses  froa 
occupational  contact  of  the  starting  naterial  (fomaldehyde  vapor  or  the  dust 
of  the  low  nolecular  w'eight  condensation  products)  and  the  use  of  products  con- 
taining inco^letely  cured  resins  which  release  foraaldehyde  gradually.  Host 
of  these  incidents  were  reported  outside  of  the  United  States.  In  the  follow- 
ing sections  the  effects  urca-forsaldehyde  resins  on  eye  irritation,  inhala- 
tion and  skin  contact  (dematoses  due  to  occupational  contact  and  to  iise  of 
products)  will  be  discussed.  There  are  no  reports  on  ill  effects  due  to  the 
ingestion  of  these  resins.  Only  a brief  discussion  on  the  effects  of  fomal- 
dehyde will  be  given  below.  A detailed  toxicological  report  on  fonsaldehyde 
appears  in  a SIOSH  criteria  document  (13). 

A.  EYE  EXPOSURE 


In  Japan,  Tojo  and  Tsuji  reported  two  cases  of  lacrisal  sensitivity  to 
isorted  synthetic  oaterials  (14).  A 52-year-old  vosan  and  her  19-year-oid 
daughter  experienced  excessive  lacriaation  whenever  they  were  in  a shop  sell- 
ing synthetic  fabrics.  The  gaseous  material  responsible  for  this  effect  was 
found  to  be  formaldehyde  which  was  released  froa  fabrics  treated  with  formal- 
dehyde resins  to  i^rove  their  wrinkle  and  shrink  resistance  and  water  repel- 
leacy.  The  incor^letely  reacted  fon»ldehyde,  and/or  that  produced  froa  de- 
co:n>osition  of  the  resin,  were  released  gradually  from  the  treated  fabrics, 
thus  causing  extreme  lacrisation  in  eniosed  individuals.  E^loyees  of 
fabric  stores  were  constantly  affected  by  these  fumes  and  loss  of  customers 
was  reported  (15). 

B.  SgALATIOX 

Volkova  and  Sidorova  detected  formaldehyde  in  the  blood  of  100  workers 
who  vsTB  exposed  to  urea-foraaldehyde  or  mclamine-formaldshyde  resins  (16). 

It  was  present  in  the  blood  15-70  xsinutes  after  work  and  disappeared  in 
IS  hours.  Blood  levels  or  fomald^yde  were  directly  related  to  that  in  the 
air.  It  was  also  detected  on  Che  skin  and  clothing  of  workers  exposed  to  high 
concentrations  of  formaldehyde  in  the  air. 

Female  workers  exposed  to  various  concentrations  of  formaldehyde  froa 
urea-formaldehyde  resins  were  reported  to  suffer  ill  e'^fects  (17),  Menstrual 
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disorders,  such  as  dysnenorrhea,  were  recorded  21/2  tices  as  often  as  in  the 
controls.  There  were  also  cocslications  in  the  course  of  pregnancy,  such  as 
toxenias,  anenia,  and  interruptions  at  different  teres  of  pregnancy-  Froa 
this  group  of  workers,  26-9Z  of  the  children  were  bom  underweight  (froa 
2500  to  3000  g)  as  coapared  to  11-3Z  in  controls. 

C.  SKIH  CONTACT 

1.  OCCUPATIO^aL  DERMATOSES 

In  1936,  Schwartz  reported  aany  cases  of  deraatitis  due  to  hypersensitivity 
to  foraaldehyde  aaong  workers  aanufacturing  urea-foraaldehyde  resins  (18,19). 

In  two  factories  surveyed,  where  aodem  aachinery  and  safety  appliances  with 
adequate  ventilation  and  dust  prevention  facilities  were  installed,  only  four 
cases  of  deraatitis  were  reported  aaong  190  employees  during  a period  of  over 
two  years.  In  contrast,  26  cases  of  deraatitis  occurred  in  the  first  10 
aonths  of  1934  aaong  300  workers  in  a aolding  plant  In  Ohio;  18  of  these  cases 
occurring  during  the  hot  steser  aonths.  The  effect  of  hi^  aabient  tempera- 
ture and  itadequate  ventilation  was  also  apparent  when  half  of  the  workers 
(number  not  given)  er^loyed  in  a aolding  plant  in  Pennsylvania  developed  derma- 
titis in  the  susser  of  1935. 

The  Michigan  Department  of  Health  of  the  Bureau  of  Industrial  Ifygiene 
reported  a severe  outbreak  of  dermatitis  in  1943  due  to  exposure  to  formalde- 
hyde resins  (including  phenol—,  urea-  and  ael  amine-formaldehyde  resins)  (20). 

The  study  involved  4 factories  in  Western  Michigan  employing  2,370  workers, 

35o  of  which  developed  dermatitis;  many  severe  cases  (numbers  not  given)  re- 
quired hospitalization.  The  onset  of  dermatitis  occurred  froa  3-6  weeks  after 
initial  exposure  to  the  foraaldehyde  resins  and  lasted  free  several  days  to 
a few  months.  Some  individuals  may  have  developed  immunity  after  initial  ex- 
posure and  did  not  react  to  formaldehyde  on  subsequent  contact.  Should  these 
individuals  later  lose  their  izmaznity,  a severe  case  of  dermatitis  mi^t  ensue 
(20). 


Outside  of  the  United  States,  most  of  the  occupational  dermatosis  cases 
were  reported  in  the  Soviet  Union  (16,17,21-25)  and  a few  in  other  countries 
(26-29).  In  a factory  producing  veneer,  examination  of  198  workers  showed 
dermatoses  in  chose  who  had  been  working  with  liquid  resins  for  1-3  months 

(21) .  Local  treatment  with  an  ointment  containing  zinc  (Z  not  available)  and 
0.5Z  prednisolone  eliminated  the  condition  in  7-10  days.  Frequent  washing  of 
the  exposed  skin  with  0.5%  atmsonium  hydroxide  solution  reduced  the  incidence 
of  dermatoses.  The  quantity  of  foraaldehyde  in  the  resin  could  also  be  lowered 
to  0. 5-1.0%  by  the  addition  of  ammonium  hydroxide  to  the  resin  (21). 

In  two  large  furniture  plants  a high  incidence  of  dermatoses  was  reported 

(22) .  The  greatest  effect  was  produced  by  a)  resins  in  a pure  state,  b)  for- 
malin and  c)  polyether  varnishes.  The  authors  suggested  preliminary  medical 
examinations  of  newly  engaged  workers  using  specific  tests,  and  tsznthly  exam- 
inations during  the  first  6 months  of  work.  They  also  suggested  chat  a sec- 
tion be  included  in  manuals  on  the  unhealthy  conditions  in  furniture  plants 
wiere  urea-formaldehyde  resins  were  used,  in  order  to  instruct  the  workers  in 
the  proper  hygienic  and  safety  practices. 
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£1-Sayad  claimed  that  the  skin  sensitizing  action  of  urea-f orsal  dehyde 
resins  vas  not  due  to  the  high  concentrations  of  free  forealdehyde,  but  eainly 
to  the  polycondensation  products  (23).  A clinical  investigation  of  the  sen- 
sitizing effects  of  pure  foraaldehyde  solution,  polyseric  cordensation  pro- 
ducts, and  aonoaers  on  74  patients  ^o  suffered  cccijpational  dematosis  shoved 
that  phenol-forsaldehyde  resins  had  greater  skin  sensitizing  effects  than 
urea-fomaldehyde  resins.  The  author  concluded  that  allergic  dematosis  was 
caused  by  the  resins  and  not  by  free  fomaldehyde.  Presence  of  the  latter 
could  increase  the  probability  of  the  occurrence  of  dematosis,  but  forrsalde- 
hyde  itself  did  not  produce  the  allergenic  effect. 

During  a dematological  examination  of  33  women  workers  esnosed  to  S3ra- 
thetic  binders  while  making  glass-wool  cylinders,  21  cases  of  pruriginous 
skin  diseases,  9 cases  of  eczema  and  13  cases  of  dry  skin  and  slight  erythema 
were  reported  (24).  The  synthetic  binder  consisted  of  urea-forsaldehyde 
resins  modified  with  vinyl  derivatices  and  contained  0.3^^  free  formaldehyde. 
Sensitization  developed  after  3-4  months  on  the  job;  the  cfindition  was  en- 
hanced by  skin  injuries  caused  by  the  glass-wool. 

Other  cases  of  occupational  dermatoses  have  been  reported  in  persons 
working  with  resins  for  processing  noncrushable  fabrics  (26,27),  for  coating 
anticurl  substances  (28),  and  for  applying  glue  on  toilet  rolls  (29). 

2.  DEaKATOSES  IS  USEIS  OF  DREA-FORMALDEHTDE  PRODUCTS 


In  addition  to  the  dersatoses  caused  by  occupational  contact  of  urea- 
formaldehyde  condensation  products,  there  were  rany  cases  of  skin  irritation 
(mostly  reported  outside  of  the  United  States)  due  to  the  use  of  products 
that  had  been  treated  with  urea-forsaldehyde  resins  to  ismrove  their  qualities 
such  as  ”wet  strength"  facial  tissues,  and  non-shrinkable  fabrics  that  are 
water-repellent  and  wrinkle-resistant.  The  sain  cause  of  trouble  was  due  to 
the  incotroletely  cured  resin  regaining  in  fabrics  which  were  not  thoroughly 
washed  before  being  sent  to  the  market.  The  residual  forsaldehyde  would  cause 
skin  irritation  and  dersatoses  in  people  wearing  clothing  made  from  these 
treated  fabrics.  Such  cases  will  be  discussed  in  detail. 

Sensitization  to  "wet  strength"  facial  tissues  impregnated  with  urea- 
fomaldehyde  resins  was  studied  by  Peck  and  Palitz  (30).  The  amount  of  resins 
applied  to  the  tissue  is  usually  less  than  22,  but  the  temperature  required 
for  co^lete  cure  of  the  resins  is  so  hi^  that  very  few  paper  machines  are 
equipped  to  produce  completely  cured  tissue.  The  formald^yde  frexa  the  in- 
completely cured  resin  can  produce  dermatitis  in  isdividmials  sensitive  to  it. 

A patch  test  on  50  people  (15  males;  35  females)  with  "wet  strength"  tissue 
on  one  am,  and  another  tissue  without  any  additive  on  the  other  am  showed 
that  62  of  the  people  tested  (3  out  of  50  - 2 feiaale;  1 male)  had  sensitive 
reactions  to  the  treated  tissues.  Xo  reactions  were  observed  from  tissues 
chat  did  not  contain  additives. 

Since  Che  introduction  of  resin-treated  textiles  in  1926,  only  a few 
cases  of  contact  dermaatoses  doe  to  the  use  of  these  fabrics  have  been  reported 
within  the  United  States  (31,32,33),  although  maany  cases  were  reported  in 
European  countries  (15,34,35).  An  early  report  was  maade  in  1940  by  Schwartz 


of  the  United  States  Public  Health  Service  after  an  outbreak  of  deraatitis 
aaong  the  general  population  of  the  United  States  and  Canada  caused  by  vearing 
clothing  aade  froa  such  created  fabrics  (31).  The  odor  of  fon^ldehyde  vas 
readily  detectaole  froa  these  fabrics  and  its  concentration  vas  found  to  be 
8—100  Eg/100  g yam.  The  author  suggested  that  aanufacturers  should  perfom 
skin  tests  on  anirals  and  huaans  before  sending  the  products  to  t^>a  carket. 

In  addition,  treating  these  fabrics  at  hi^er  tet^rature  and  pressure  to  con- 
plete  Che  curing  process,  and  thorou^  washing  of  the  finished  product  would 
also  reduce  the  concentration  of  free  fonsalddyde. 

Fisher  et  al.  investigated  the  probles  by  (1)  detecting  the  presence  of 
free  formaldehyde  in  textiles,  (2)  aaking  patch  tests  on  huaans  with  saaples 
of  suspected  fabrics,  and  (3)  having  subjects  wear  clothes  Bade  from  these 
fabrics  (36).  It  vas  found  that  all  sarples  of  textiles  treated  vith  fotEal- 
dehyde  resins  gave  positive  reaction  vith  the  qualitatitlve  (diroEOtropic  acid 
test  (see  section  on  analysis) . Control  samples  of  untreated  textiles  shorved 
negative  reactions.  Fateh  tests  on  20  patients  (8  tales;  12  females),  vho 
previously  gave  positive  reactions  vith  2-5Z  formald^yde  solutions  (as  patch 
tests),  shewed  negative  resialts  vith  8 treated  t^tile  settles  containing 
varying  amounts  of  frea  formaldehyde . None  of  these  formaldehyde  sensitive 
individuals  developed  dermatitis  after  vearing  clothing  made  from  these  treated 
fabrics.  The  authors  concluded  that  the  quantity  of  free  formaldehyde  in  the 
test  materials  vas  not  sufficient  to  elicit  a positive  patch  test  in  individuals 
vho  reacted  to  2— 5Z  formaldehyde  solutions.  By  applying  similar  methods  of 
investigation,  a few  cases  of  contact  dermatoses  due  to  resin  treated  fabrics 
have  been  studied  (32,33). 

Outside  of  the  United  States,  sany  cases  of  contact  eczema  and  dermatitis 
caused  by  the  formald^yde  frtxj  treat^  textilcts  have  been  reported.  In  Norway, 
a patch  test  was  conducted  on  2,110  patients  during  1953-1938,  and  13?  (6.5Z 
average  - 3.36%  for  males  and  9.04%  for  females)  were  found  sensitive  to  4% 
aqueous  formald^yde  (15).  Of  these  137  patients  vith  positive  reactions, 

69  of  them  (24  males;  45  females)  had  formaldehyde  eczema;  the  remaining  68 
(27  males  and  41  females)  shoved  no  significant  clinical  syeptoms  (15).  Since 
more  women  Chan  men  reacted  to  formald^yde  and  to  the  treated  fabrics,  the 
author  suggested  that  women  might  have  been  sensitized  to  the  fcrmald^yde 
included  in  antiperspirant  preparations  which  men  used  less  extensively  than 
women.  This  may  also  be  the  reason  for  the  paucity  of  contact  dermatoses 
in  the  United  States  because  formaldehyde  is  not  used  in  antiperspirants  in 
this  country. 

A study  conducted  in  Denmark  showed  that  during  1952—1960  the  incidence 
of  formalddyde  eczema  due  t treated  fabrics  had  been  rising  whereas  that 
caused  by  antiperspirants  had  disappeared  (34).  Is  1960,  formald^yde  in 
treated  fabrics  was  responsible  for  50%  of  the  contact  dermatoses  in  Denmark 
because  even  small  amounts  of  free  formald^yde  in  t'^e  fabric  can  elicit 
dermatitis  in  persons  already  sensitized  by  prior  utilization  of  antiparspir- 
ants.  A simple  screening  test  was  used  on  96  patients  (30  male;  66  female); 

35  (5  males;  30  females)  showed  positive  reactions  with  treated  textiles  (34). 

In  the  Netherlands,  a patch  test  vas  conducted  on  66  patients  with  37  sub- 
stances (including  urea-formaldehyde  condensation  products)  used  in  treating 
textiles.  Only  7 patients  reacted  positively  lo  formald^yde,  having  been 
sensitized  previously. 
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1 IV.  EFFECTS  OH  EXPEHMENTAL  ANIMALS 


There  are  only  a few  reports  in  the  literature  describing  aninsal  experisents 
. t on  the  toxicity  of  urea-foraaldelyde  resins.  The  cor^letely  cured  resins  are 

t generally  considered  to  be  nontoxic  (7,37).  The  adverse  effects  of  the  urea- 

foroaldeliyde  resins  on  anioals  are  apparently  doe  to  the  presence  of  free  for— 
□aldehyde.  It  should  be  kept  in  wind  that  the  products  used  for  the  esroerisents 
discussed  in  this  report  vary  in  their  coi^osition  and  free  fomaldehyde  con- 
tent which  greatly  Influences  the  effects  of  these  resins.  A suimary  of  these 
studies  appears  in  Table  III. 

A.  ORAL  INGESTION 

The  acute  oral  toxicity  of  a condensation  product  of  urea  and  for^idehyae 
(trade  nase,  Anaflex,  manufactured  by  Ed.  Geistlich  Sohne  .AG,  iiolhusen,  Switzer- 
land) was  detenained  in  guinea  pigs  (37).  The  substance  was  adainistered  in  the 
fora  of  tablets  (inserted  down  the  esophagus)  to  6 groups  of  animals  (5  per 
group)  at  single  doses  of  480-2320  sg/kg  of  body  w*eight.  .All  animals  survived 
without  any  pathological  changes  during  the  test  itself  and  the  8-day  observa- 
tion period. 

The  subchronic  toxicity  of  the  same  product  was  determined  using  rats 
(strain,  sex,  age  and  number  not  given)  given  daily  doses,  for  9 weeks,  of 
1 g/kg  body  weight  in  the  fora  of  a 20Z  polysorbate  solution  administered  with 
a pharyngeal  tube.  Histological  examination  of  the  rats  did  not  reveal  ab- 
normalities in  the  intestinal  tract,  liver  or  kidneys  (37). 

Urea-foraaldehyde  resins  were  given  to  albino  rats  by  gavage  at  3 g/kg 
every  other  day  for  6 days  (3  doses).  Fifty  rats  were  Tised  to  test  5 plastic 
materials  but  the  nuaber  given  urea-forsaldehyde  was  not  specified.  Ko  toxic 
effects  were  observed.  There  were  no  changes  in  weight  gain,  in  the  nervous 
systen  (central  or  peripheral  not  specified),  or  in  the  blood  picrare.  Addi- 
tional details  were  not  provided  (38). 

The  effects  of  oral  administration  of  a cormercial  preparation  of  urea- 
formaldehyde  resin,  Urasite,  as  a non-protein  nitrogen  source  in  animal  feed, 
were  studied  by  Anderson  et  al.  (39).  Grade  Baz^shire  wether  lambs  (average 
weight  29.25  kg,  2 per  grooip)  were  fed  diets  containing  22,  42,  82,  162  or 
322  of  Uranite,  plus  a sufficient  percent  of  urea  to  equal  1002  suppleoentary 
non-protein  nitrogen.  The  naxinra  amount  of  feed  ^diich  would  be  consumed  com- 
pletely by  all  the  lambs  was  established  during  an  adjustment  period  (duration 
not  given).  The  lambs  were  then  fed  the  rations  at  the  previously  established 
levels.  The  collection  period  began  after  all  animals  had  consistently  con- 
sumed their  entire  ration  for  10  consecutive  days.  Daily  excreta  were  col- 
lected for  10  da]^  and  analyzed  for  nitrogen  output.  Results  showed  that  much 
of  the  uitroger.  in  Uranite  was  excreted  in  the  feces.  The  replacement  of 
4-322  of  urea  by  urasite  reduced  the  digestibility  of  crude  protein  (p<0.05), 
and  2-42  of  Dranite  reduced  the  digestibility  cf  crude  fiber  (p<0.01).  Ko 
toxic  effects  were  observed  (39). 
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B.  DERMAL  APPLICATION 


Two  types  of  urea-forsaldrfiyce  resins  (MF-17,  292  free  fornaldrfiyde, 
pH  8.3;  UKS,  1.22  free  foroaldeSiyde,  pH  9)  (specific  fonsulation  not  given) 
were  studied  for  denaal  effects  on  10  albino  guinea  pigs  (300-330  g).  The 
resins  were  applied  on  the  skin  by  the  coiroress  method  on  one  occasion  and 
repeatedly  by  sisple  application  (duration  not  given).  The  MF-17  resin  caused 
erythez3a,  dryness  of  the  skin,  desquanation  and  superficial  cracks  in  7 out 
of  10  anioals.  Three  aninals  were  found  sensitized  on  the  25th  day.  The  DKS 
resin  caused  erytheta  in  3 out  of  10  anirals  on  the  4th  day;  8 out  of  10  anicals 
showed  skin  irritation  on  the  11th  day.  He  two  resins  contained  different  quanti- 
ties of  free  fomaldehyde  but  produced  sinilar  degrees  of  irritation.  The  author 
concluded  that  the  sensitizing  effect  is  not  due  to  free  fomaldehyde  (23)  - 

Tjinps  of  urea-fomaldehyde  resins  were  applied  to  the  skin  of  4 rabbits, 

4 hours  a day  for  4 days.  Ko  cutaneous  changes  were  observed.  Additional 
details  were  not  provided  (38). 

C.  IKHALATIOH 


When  urea-f oroal  dehyde  resin  (80-85  g)  was  heated  at  55-65®,  no  seasurable 
quantity  of  urea  was  released.  Rats  (nunber  not  given)  were  exposed  to  the 
volatile  coin>onents  (diluted  to  100  liters)  2 hours  per  day  for  12  days. 

Xo  toxic  effects  were  observed  (38).  The  report  did  not  raention  whether  free 
forsaldehyde  was  released  or  how  the  rats  were  e:q>osed. 

The  toxicity  of  the  gaseous  products  released  by  coc^ustion  of  urea- 
fozsaldehyde  resin  was  tested  with  Sprague-Dawley  rats  (2  controls  and  2 
treated).  The  codbustion  effluent  was  generated  by  heating  the  resin  at 
1100®C.  The  effluent  was  kept  above  the  dew  point  to  prevent  condensation 
and  adjusted  to  24"C  and  502  huaidity  with  cool  dry  air  before  entering  the 
exposure  charher.  Rats  exposed  to  the  effluent  (duration  not  given)  suffered 
eye  irritation  and  "heavy"  breathing.  Gross  syuptoes  disappeared  within  a 
week  after  exposure. 

0.  EIE  APPLICATION 


When  powdered  urea— fomaldehyde  resin  was  introduced  into  the  conjunc- 
tival sac  of  4 rabbits  (duration  not  given),  the  resin  powder,  caused 
transient  lacrisation  but  no  inflamation  (38). 
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V.  CARCINOGENICITY,  HOIAGENICITY  AND  TERATOGEiJICITY 


No  reports  on  carcinogenicity,  nutagenicity  or  teratogenicity  of 
urea-fomal dehyde  resins  were  found  in  the  literature. 


EFFECTS  ON  DOMESTIC  ANIMALS  AND  WILDLIFE 


There  are  no  reports  in  the  collected  literature  concerning  the  effects 
of  urea— forsaldehyde  resins  on  domestic  anirsals  or  wildlife.  For  urea— 
fornaldehyde  oetabolisn- in  lasbs,  see  Chapter  XI. 


VII.  EFFECTS  ON  AQUATIC  ORGANISMS 

No  studies  on  the  affects  of  urea-forraldehyde  resins  on  aquatic 
organisns  are  available. 


VIII.  EFFECTS  ON  MICROORaWISMS 


The  conpletely  cured  urea-fonaaldehyde  resins  in  highly  polynerized  forns 
have  no  apparent  effects  on  oicroorganisias  nor  do  nicroorganiscs  attack  the 
resins  (40).  The  effects  of  low  nolecular  weight  condensation  products 
on  laicroorganisizs  depend  on  the  solar  ratio  of  urea  (U)  and  forsaldehyde  (F). 
When  the  ratio  is  less  than  unity  (D/F  < 1)  the  excess  forsaldehyde  in  the 
resins  exert  an  antibacterial  effect  which  has  been  applied  clinically  to 
treat  certain  skin  infections.  When  the  solar  ratio  is  greater  than  one 
(U/F  >1),  the  cured. resins  can  be  used  as  fertilizers  because  soil  nicro- 
organisns  can  attack  and  break  down  these  products  to  provide  a nitrogen  source 
for  growing  plants  (see  Biological  Degradation).  The  antibacterial  and  anti- 
fungal effects  of  urea-forsaldehyde  resins  are  as  follows. 

The  bacteriostatic  action  of  the  condensation  products  of  urea  and 
forsaldehyde  was  first  reported  by  Brodhage  and  Stofer  (37).  A product  pre- 
pared by  a Qodified  process  under  the  trade  nase  of  Anaflex  (Ed.  Geistlich 
Sohne  AG,  Volhusen,  Switzerland)  is  a colorless  powder,  insoluble  in  water, 
and  decosposes  at  lOO^C.  The  bacteriostatic  action  of  the  pure  sub- 
stance was  tested  on  blood-agar  plates  inoculated  with  9 strains  of  bacteria. 
.4fter  16-18  hours  of  incubation,  the  dianeters  of  the  inhibition  zones  caused 
by  10-25  sg  of  the  substance  were:  26-32  sa  for  Staphylococcus  aureus  heso- 
lytieuSj  30-48  nsa  for  Streptococcus  pyogenes  heaolyticus,  19-29  ss  for  Strepto- 
coccus faecaiis,  26-35  rsa  for  Salaonella  paratyphi  B,  29-40  sa  for  SaVnaneVia 
typhZf  15-19  os  for  Fseudoaonas  aeruginosa,  23-35  raa  for  Proteus  vulgaris, 

15-20  na  for  Escherichia  coVii  and  25-28  xsa  for  Listeria  nonocytocenes . The 
diaseter  of  the  powder  spread  was  8-10  12a.  The  authors  concluded  that  Anaflex 
had  good  bacteriostatic  action  in  vitro  against  gran-negative  and  graa-positive 
bacteria  (37) - 

Since  nany  strains  of  Stcphyloccccus  are  resistant  to  antibiotics,  the 
bacteriostatic  effect  of  this  product  was  tested  on  six  "distinct”  Staphylo- 
coccus strains.  The  results  show  that  the  effect  in  wriro  is  dependent  on 
the  antibiotic  resistance  of  the  Staphylococcus  strains  individually  (data 
not  given)  (37). 

Haler  showed  Uiat  Anaflex  or  polynoxylin,  prepared  by  curing  the 
water-soluble  condensate  of  urea  and  fomaldehyde  at  alkaline  pH,  erfiibits 
broad-spectrun  bacteriostatic  properties  (41,42)-  This  is  different  fron 
condensation  products  of  urea  and  forsaldehyde  cured  with  acid  reagents  at 
either  high  or  low  tesperature  which  do  not  show  any  bacteriostatic  activity 
(41).  The  tests  were  carried  out  by  Flening’s  disk  and  ditch  isethods  because 
of  the  low  solubility  in  water  of  the  product.  Tests  in  liquid  zjedia  were 
nade  with  1%  suspensions  of  the  test  naterial  . 

A total  of  37  species  (580  strains)  of  bacteria  and  fungi  were  tested: 
these  were  125  strains  of  Staphylococcus  aureus,  59  of  Streptococcus  pyogenes, 
210  of  Esciwrichia  eoli,  32  of  Proteus  vulgaris,  39  of  Pseudoaonas  cer^^nosa, 

18  of  Candida  albicans,  24  of  Spideraophyton  floccoswn,  and  23  of  Tricrophyi^ 

* spp.  All  (except  3 strains  of  Pseudovtnias  aeruginosa  and  3 strains  cf  Csncx^ 

* albicans)  were  found  sensitive  to  .Anaflex,  including  chose  strains  of  SzaphysC- 
coccus  aureus  resistant  to  penicillin,  tetracycline,  and  other  antibiotics. 

I No  resistance  ot  Staphylococcus  ccureus.  Streptococcus  pyoc^nes  or  Pseudorvnas 
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aeruginosa  against  Anaflex  could  be  induced  by  repeated  sub-culturing  up  to 
160  passages.  Water  was  found  essential  for  the  bacteriostatic  activity  of 
.Anaflex.  The  presence  of  serum,  blood  or  pus  in  the  agar  also  increased  the 
inhibition  zones  of  Staphylocoectts  aur'eus.  Viruses  of  herpes  simplex,  vaccinia 
and  poliomyelitis,  however,  were  not  sensitive  to  Anaflex  (A2) . 

The  antibacterial  effect  of  polynoxylin  was  tested  with  170  strains  of 
Proteus  vulgaris^  Proteus  worganiiy  Sdlrrmetta  typhosa^  Klebsiella  pneujnoTziaey 
PseirBoioonas  aeruginosa.  Streptococcus  faecalis.  Staphylococcus  aureus.  Strepto- 
coccus pyogenes,  Escherichia  coli,  Aerobactor  aerogenes,  and  Aerobacter  cloacae 
on  solid  media.  Standard  antibiotics,  such  as  penicillin,  streptonycin, 
chloramphenicol,  tetracycline,  erythromycin,  neonycin,  polyryxin,  chlor- 
tetracycline,  oxytetracycline,  novobiocin  and  albonycin,  were  also  tested  on 
these  strains  of  bacteria  for  comparison.  Polynoxylin  was  effective  against 
all  strains  tested  except  a strain  of  .Aerobacter  cloacae.  The  inhibitory 
effect  of  polynoxylin  was  lacst  pronounced  against  Staphylococcus  aureus,  less 
against  Proteus  vulgaris  and  Streptococcus  faecalis,  and  least  against 
Escherichia  coli  and  A.erobacter  aerogenes  but  still  within  the  range  of  ther- 
apeutic doses.  Strains  of  Staphylococcus  aureus  resistant  to  antibiotics 
were  less  inhibited  fay  polynoxylin  than  those  susceptible  to  antibiotics  in 
this  studj',  in  contrast  with  previous  findings  (41) . 

The  antibacterial  and  antifungal  activities  of  Anaflex  were  clinically 
tested  on  more  than  200  human  patients  representing  238  cases  of  furunculosis, 
ulcus  cruris,  infected  acne,  pressure  sores  and  industrial  wounds,  gynecologi- 
cal discharges,  ftmgal  paronychia,  athlete’s  foot,  cutaneous  hypersensitivity, 
axilliary  infections,  seborrhea  capitis,  napkin  rash  and  proctological  cases. 
The  product  was  applied  directly  to  the  affected  part  twice  daily  and  also 
as  a ring  around  the  area  to  minimize  secondary  spread.  Although  not  all 
the  patients  treated  were  cured  (results  not  given) , raore  than  30Z  of  the 
furunculosis  cases  were  cured  in  less  than  4 days.  If  the  initial  lesions 
were  treated  within  48  hours  they  disappeared  in  2 days  and  classical  boils 
were  avoided.  A nasal  barrier  cream  containing  Anaflex  removed  the  infection 
of  penicillin-resistant  Staphylococcus  within  4-5  days.  Pelapses  to  the 
carrier  state  took  7 days  or  more . A conmerciai  cream  containing  chlorhexidine 
produced  a similar  effect  in  2—3  days,  but  relapse  occurred  in  3 days  (41). 

Clinical  experience  from  topical  application  of  urea-formaldehyde  con- 
densation products  (Anaflex)  for  treatment  of  some  skin  diseases  was  also 
reported  by  Tonasini  in  Italy  (43).  From  a total  of  114  cases  (74  males; 

40  females)  tested,  the  results  were  satisfactory  in  general  and  the  products 
were  found  most  effective  in  treating  mycotic  and  pyogenic  dermatitis. 


Utilization  of  antibacterial  properties  of  urea-formaldehyde  condensa- 
tion products  to  treat  raw  sewage  ^..id  industrial  organic  waste  materials  in 
order  to  kill  pathological  microbes  and  render  the  waste  reusable  has  been 
proposed  (44) . The  process  involves  prereacting  the  waste  with  a water- 
soluble  low  condensation  pr'^’uct  of  urea  and  formaldehyde  at  pH  7-9  to 
sterilize  the  waste,  then  a »ifying  the  mixture  to  pH  3-5  for  furtner  con- 
densation to  take  place,  and  finally  neutralizing  and  drying  the  product  which 
can  then  be  used  as  fertilizer  or  animal  feed. 
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Kingston  treasured  the  fornaldehyde  liberated  into  the  vapor  phase  fron 
Anaflex  and  Noxythiolin  (a  condensation  product  of  thiourea  and  fonaaldehvde) 
(45).  TVo  snail  beakers*  one  containing  the  dry  product  (0.1  g),  the  other, 

0.5  nl  of  distilled  water  were  placed  in  a jar.  The  jar  was  tightly  sealed 
and  incubated  at  for  various  periods  of  tirae.  The  fornaldehyde  vapor 

released  by  the  dry  product  was  absorbed  by  the  water  which  was  analyzed 
colorinetrically  by  the  method  of  'lash.  Fron  0.1  g of  the  drv  product,  1-2  ng 
of  formaldehyde  vapor  was  collected  from  Noxychiolin  and  only  0.2  ng  fron 
Anaflex.  VJhen  the  latter  was  wetted  with  1 nl  of  water,  less  formaldehyde  w’as 
released  in  the  vapor  phase  but  1.3  ng  of  it  w'as  detected  in  the  supernatant. 
The  bacteriostatic  activity  of  Noxythiolin  (1  ng)  was  compared  wT.th  that  of 
formaldehyde  (0.2  i^)  on  agar  plate  tests  with  3 organiinss.  The  inhibition 
zones  produced  by  formaldehyde  were  comparable  in  size  with  those  obtained  with 
Noxythiolin.  The  author  concluded  that  the  free  formaldehyde  released  by  Koxv- 
thlolin  is  the  cause  of  the  bacteriostatic  effects.  Formaldehyde  slowly  re- 
leased by  Anaflex  may  be  bacteriostatic  but  tests  are  inconclusive  (45) . 

.Although  it  was  assumed  that  the  mechanism  of  the  antibacterial  action 
of  Anaflex  was  due  to  free  formaldehyde  in  the  product.  Haler  found  that  a 
negative  reaction  with  Schiff’s  aldehyde  reagent  was  obtained  when  the  product 
VIS  shaken  with  water  ror  prolonged  periods  (42).  A water-soluble  condensate 
of  urea  and  formaldehyde  also  gave  negative  reactions  for  formaldehyde,  but 
when  tested  with  Schiff's  reagent  in  excess  acid,  a strong  positive  reaction 
with  precipitates  was  obtained.  Khen  this  modified  test  was  conducted  on 
Anaflex  and  its  aqueous  filtrate  an  immeoiate  positive  reaction  was  obtained 
with  older  stocks,  and  delayed  reaction  with  fresh  stocks.  The  observation 
that  the  positive  aldehyde  test  was  not  due  to  free  formaldehyde  was  further 
confirmed  with  a rabbit  and  a humn  voliKiteer  which  were  both  hypersensitive 
to  formaldehyde.  The  subcutaneous  injection  of  0.05Z  formalin  (0.2  ml)  in 
the  rabbit  produced  a marked  local  reaction  within  5 minutes  and  a severe 
generalized  reaction  after  65  minutes.  Ko  local  or  systemc  reactions  were 
observed  when  a saturated  solution  of  Anaflex  was  administered  to  rabbit 
subcutaneously,  0.2  ml  daily  for  4 days  followed  by  daily  injections  of  0.3, 
0.4,  and  0.5  ml  for  3 days,  respectively.  These  results  are  questionable., 
however,  since  onljr  one  animal  was  us  d.  The  human  volunteer  developed  an 
edematous  reaction  after  contact  witn  very  dilute  formaldehyde  but  showed 
only  a very  slight  degree  of  irritation  when  Anaflex  was  applied  either  dry 
and  moistened  or  as  a saturated  aqueous  solution' (43) . 

Formaldehyde  is  slowly  released  by  .Anaflex.  Haler  suggested  that  many 
free  oxymethylene-substituents  occur  within  the  molecule  which  are  responsible 
for  its  strong  bacteriostatic  activity  (41). 

The  effects  of  soil  microorganiSES  on  the  degradation  of  urea- formaldehyde 
condensation  products  are  detailed  in  Section  XII  under  Biological  Degradation. 


The  effect  of  the  soil  conditioner  HygroEuU,  (urea-fornaldehyde  foan 
in  resin  fcna  which  releases  snail  quantities  of  fomaldehyde  in  the  soil) 
on  plant  parasitic  and  saprozoic  nenatodes  vas  reported  by  De  Grisse  et  al. 
(46).  Sieved  sandy-loan  soil  containing  nenatodes  was  placed  in  plastic 
bags  (200  cd/bag).  Rygrocnill  (100  ol/bag)  was  added  to  ten  bags  and  the 
contents  were  kept  mist  and  stored  at  roon  tenperature  for  5 weeks.  The 
nusber  of  plant  parasitic  and  saprozoic  nenatodes  in  each  samle  was  deter- 
mined by  washing  the  soil  through)  a 250  n '"eve  in  a plastic  basin  and  ex- 
tracting the  nematodes  by  the  sugar-centrifugal-flotation  technique.  Tuo 
samples  without  the  addition  of  HygromuU  were  processed  at  the  start  of  the 
experiment  to  obtain  the  initial  nematode  population.  At  weekly  intervals 
for  5 weeks,  two  bags  with  and  two  without  HygromuU  were  analyzed.  Results 
show  that  the  population  of  tlte  plant  parasitic  nematodes  decreased  linearly 
with  time  in  the  saig>les  containing  Hygrottull  (from  initial  population  of 
1430  per  100  ml  soil  extract  to  90  per  100  ml  after  4 weeks  of  treatment) 
and  remained  at  the  low  level  at  the  end  of  5 weeks.  Control  populations 
fluctuated  between  1100  and  1560.  The  population  of  tae  saprozoic  nenatodes 
decreased  during  the  first  two  weeks  cf  treatment  and  rerched  the  lowest 
count  after  3 weeks  (280  per  iOO  ml  soil  extract,  from  an  initial  count  of 
980),  then  started  to  increase  again  reaching  775/100  ^ soil  extract  after 
5 weeks  of  treatment.  Control  counts  varied  from  760  to  1130/100  ml  soil 
extract  (4o). 

Huengens  also  used  Rygromull  nixed  with  pine  litter  (containing  0,  33, 
50,  67  or  100a  Kygrosull)  in  azalea  cultures  to  studv  its  effect  on  soil 
fuana  (47).  Organisms  counted  were  lucbricidae,  enchy tracidae , and  sciaridae 
-After  6 months  fewer  Im^ricids,  enchy tracids,  and  sciarids  were  found  in 
mixtinres  containing  502  or  more  HygromuU.  The  au‘'hor  ccncluded  that  in 
these  experiments  it  could  not  be  proven  whether  the  smaller  na:d)er  cf 
organisms  counted  was  the  result  of  the  release  of  formaldehyde  b*>  the  urea- 
formaldehyde  resin,  or  the  lack  of  food  supply  in  the  HygromuU— rich  mixture. 


X.  EFFECTS  OX  PLANTS 


Coapletely  polyserized  urea-formldehyde  resins  are  not  toxic  in  plants 
and  cannot  be  broken  dovn  to  supply  nitrogen  for  plant  growth  (61).  The  low 
and  intersediate  solecalar  weight  condensation  products  have  been  used  as 
fertilizers  to  provide  nitrogen  at  a steady  rate  for  a prolonged  period  of 
tioe,  but  are  not  suitable  as  a quick,  fertilizer  to  supply  readily  available 
soluble  nitrogen.  Various  plants,  such  as  tonatoes  and  Sudan  grass  (48), 
corn  (49),  oats  and  nillet  (50),  pine  seedlings  (51),  azalea  (4?)  and  turf- 
grass  (52,53),  have  been  used  to  test  the  effect  of  low  and  interaediate 
nolecular  weight  condensation  products  as  fertilizers,  but  no  adverse  effects 
in  plants  have  been  reported  (see  section  on  Biological  Degradation). 

The  gaseous  products  frca  Incineration  of  urea- f oraal dehyde  resins 
(fonailaticn  not  reported)  are  highly  toxic.  One-veek-old  seedlings  (susaer 
squash,  alfalfa,  zaistard,  blue  grass,  and  northern  green  bean)  were  killed 
in  1C  ninutes  when  e:q>osed  to  the  coshustion  effluent;  two-week-old  plants 
were  stunted  and  bleached  but  not  killed.  The  effluent  was  produced  by  heat- 
ing 25  g of  urea-fornaldehyde  resin  in  the  hot  zone  of  an  incinerator  (about 
llOO^C).  Before  passing  into  the  exposure  chacher,  the  effluent  vas  kept 
above  the  dew  point  to  prevent  condensation  and  adjusted  to  24‘*C  and  50Z 
hurndity  with  cool  dry  air.  Analysis  of  the  effluent  revealed  carbon  dioxide, 
carbon  aonoxide,  aethane  and  large  quantities  of  asaonia  and  hydrogen  cyanide 
(10,  see  Cheaical  Degradation,  section  XII). 


XI-  PHARMACOXISmCS 

1 The  nitrogen  in  urea-foraaldehyde  resin  did  not  seen  to  be  setabolized 

. apd  subsequently  nade  available  vhen  used  as  aniral  feed  for  lasbs.  Re- 

placing  increasing  quantities  of  urea  nitrogen  in  the  laris*  feed  by  Dramte, 
a corsaercial  preparation  of  urea-foraaldrfiyde  resin,  resulted  in  increased 
non-protein  nitrogen  excretion  (39). 

* There  is  no  other  inforsation  available  on  absorption,  distribution, 

and  setabolisa  of  urea-fornaldehyde  resins - 
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OCCUKRENCE,  DISPERSIOJJ  AND  FATE  IN  THE  ENVIROX>SST 


In  this  section  the  occurrence,  persistence,  transport  and  dispersion, 
cheaical  and  biological  degradation  and  bioaccusulation  of  urea-forcaldehyde 
resins  in  the  environment  will  be  discussed. 


A.  OCCURRENCE 


Drea-fomaldehyde  resins  are  synthetic  products  and  do  not  occur  in 
nature.  They  are  widely  used  in  moldings,  buttons,  screw  caps,  electrical 
insulators,  plugs,  sockets,  and  eating  utensils,  as  adhesives  in  laminated 
boards,  chipboards,  and  furniture  manufacture;  as  surface  coating  enamels 
for  cars,  refrigerators,  washing  nachines  ard  stoves:  in  construction  work 
to  solidify  loose  soil  and  prevent  seepage  of  underground  water;  and  as 
thermal  insulators  (applied  as  foams  to  fill  wall  cavities) . The  low 
molecular  weight  condensation  products  are  particularly  used  in  treating 
tejctiles  to  produce  water  repellent  and  wrinkle  resistant  fabrics,  and  in 
manufacturing  wet-strength  paper.  Depending  on  the  molar  ratio  of  urea  to 
formaldehyde,  different  resins  can  also  be  used  as  antibacterial  drugs  in 
fertilizers.  Thus,  people  in  the  modem  world  are  in  daily  contact  with 
urea- formaldehyde  resins. 


B.  PERSISTENCE 

The  cospletely  polymerized  urea-formaldehyde  resins  are  chemically  and 
physiologically  inert  in  ambient  conditions  and  thus  will  persist  in  the 
environment.  They  do  not  ignite  but  will  bum  in  a flame  giving  off  various 
gaseous  products  depending  on  the  coi^ustion  tei:z>erature  (see  Chemical  Degrade 
tion).  The  partially  polymerized,  low  molecular  weight  condensation  products, 
however,  can  degrade  gradually  ifith  time  and  release  formaldehyde  vapor.  Vhen 
used  as  fertilizer,  they  are  broken  down  by  soil  micro  flora  to  simple  nitro- 
genous compounds  (48-55,  60-63).  (See  section  on  Biological  Degradation). 


C.  DISPERSION 

No  studies  on  the  dispersion  of  urea-forsaldehyde  resins  per  se  are 
available  in  the  literature.  The  completely  cured  urea-formaldehyde  resins 
are  presumably  dispersed  as  solids  in  the  finished  products  or  as  powder  and 
dust  in  manufacturing  plants.  The  incompletely  polymerized  low  taolecular 
weight  products  can  be  found  in  the  leaching  water  soon  after  they  are  ap- 
plied as  fertilizer  but  before  they  are  broken  down  by  soil  sdcroflora  (51, 
54,55).  In  such  manner,  they  can  be  dispersed  in  streams  and  rivers. 


D. 


DEGRADATION 


Under  ordinary  use-related  conditions,  the  coapletely  polyiaerized  urea- 
fomaldehyde  resins  are  very  stable.  Hovever,  they  deco:^se  in  boiling  water 
and  in  hot  concentrated  acids  and  alkalis,  releasing  fomaldehyde  and  aasaonia. 
Connie tely  polymerized  resins  are  not  digested  and  isatabolized  by  animals,  but 
the  low  molecular  weight  condensation  products  are  degraded  by  soil  micro- 
organisms. In  the  following  sections,  the  chemical  and  biological  degradation 
of  these  resins  are  discussed. 


1.  CHEMICAL 

Although  urea-formaldehyde  resins  are  chemically  inert  under  ordinary 
use-related  conditions,  they  are  decososed  in  not  concentrated  alkalis  with 
the  evolution  of  amnonia,  and  in  hot  concentrated  acids  giving  off  formaldehyde 
and  formic  acid  fuses  (4) . They  also  undergo  thermal  decomposition  releasing 
formaldehyde  and  other  gaseous  compuunns  (carbon  dioxide,  carbon  monoxide, 
hydrogen  cyanide  etc.)  at  higher  temperatures  (9-12).  When  chipboard  is  ex- 
posed to  100%  relative  humidity  at  38*C  it  releases  formaldehyde  and  loses 
a substantial  portion  of  its  strength  in  8 weeks  (56) . 

The  oxidative  degradation  of  urea-formaldehyde  resins  (in  butylated 
form)  was  studied  by  solid  phase  infrared  spectrophotometry  and  gas  phase  vapor 
chromatography  in  the  temperature  region  from  150“  to  300“C  (57) . From  the 
infrared  spectra  taken  at  150“,  175“,  200“,  250“  and  300“C,  it  was  observed 
that  the  degradation  of  the  resin  proceeded  rapidly  at  200“C  with  the  simultan- 
eous rapid  decrease  of  the  0%  stretching  vibration  band  (3. 4-3. 5 p)  and  the 
C-O-C  bending  vibration  (9.25  p).  These  changes  were  attributed  to  the  loss 
of  the  butoxy  group.  Kinetic  studies  on  the  decay  of  the  CH2  band  gave  an 
activation  energy  of  21.5  kcal  which  corresponds  favorably  with  the  values  ob- 
tained for  the  oxidation  of  phenolic  resins.  The  decay  of  the  vibration  bands 
of  hydroxyl,  amino  and  carbonyl  groups  proceeded  at  a slower  rate.  .Above 
250“C  all  bands  disappeared  rapidly  as  a result  of  the  volatilization  of  the 
entire  polymer.  From  vapor  phase  chromatographic  studies,  roughly  equimolar 
quantities  of  carbon  dioxide  and  butanol  were  detected  at  degradation  tempera- 
tures from  150“  to  200“C.  Above  250“C,  small  axsounts  of  butene,  butyric  acid, 
paraformaldehyde  and  water  could  be  detected. 


From  these  results,  the  oxidative  degradation  reactions  of  urea- formaldehyde 
were  postulated  as  follows: 
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The  toxic  effects  of  the  gaseotis  products  released  by  incineration  of 
urea- formaldehyde  resins  on  rats  and  plants  have  been  previously  reported 
(see  Section  IV.  Effects  on  Experimental  Animals  and  Section  X.  Effects  on 
Plants).  In  order  to  determine  which  coi^onents  in  the  effluent  were  re- 
sponsible for  toxicity  in  rats  and  plants,  the  same  sample  of  urea-formaldehyde 
resin  (wood  floin:  filler)  was  analyzed  theraogravimetrically  under  inefficient 
coi^ustion  conditions  (9).  A 3-step  thermal  degradation  was  observed: 
below  260®C  there  was  a gradual  loss  of  weight  (14%);  from  270®  to  345®C 
a steep  loss  of  weight  occurred  (57%) ; and  from  345®  to  610®C  there  was  again 
a gradual  loss  of  weight  until  the  resin  was  completely  co^usted  at  610®C. 
Qualitative  analysis  of  the  gaseous  products  by  infrared  spectrophotometry 
showed  the  presence  of  carbon  dioxide,  carbon  monoxide,  methane  and  large 
quantities  of  ammonia  and  hydrogen  cyanide.  Quantitative  analysis  of  hydrogen 
cyanide  using  Onco specific  ion  electrodes,  100  ml/minute  air  flow  and  a 
5®C/min  heating  rate  showed  18.9  ag  of  cyanide  per  gram  of  sample. 

Carbon  aono3d.de  and  hydrogen  cyanide  foimd  in  the  cod>ustian  effluent  sky  pro- 
duce the  t03dc  effects  observed  in  rats  since  the  animals  recovered  rapidly 
when  removed  from  e3q>osure;  otherwise,  death  occurred. 


The  gaseous  products  from  conhustion  of  plastics,  wool  and  pine  wood 
were  stiidied  because  many  fire  deaths  are  caused  not  by  actual  burning  but 
by  inhalation  of  to3dc  gases  evolved  during  the  fire  (11).  Katerials  con- 
taining nitrogen  produce  hydrogen  cyanide  and  carbon  3ono3dde  under  thermal 
decxis^position.  me  concentrations  of  hydrogen  cyanide  that  are  fatal  to 
humans  are  270  ppm  (inoediately  fatal),  ISl  ppm  Uc  min.  exposure)  and  135  ppm 
(30  min.  e^Ktsure)  (58).  The  effects  of  carbon  Qono3dLde  in  humans  vary  with 
duration  of  e3q>osure,  partial  pressure  of  03ygen  in  the  air,  ambient  tecpera- 
ture,  work  effort,  carbon  monoxide  content  of  the  blood,  metabolic  efficiency, 
health  status,  genotype  and  individual  susceptibility  (53)  - A concentration 
of  4000  ppm  of  carbon  monoicide  was  reported  fatal  to  humans  in  e3q»osures  of 
less  than  one  hour  (11). 


The  c<xd>ustion  products  of  urea- formaldehyde  foam,  wool  and  three  other 
synthetic  polymers  containing  nitrogen  were  analyzed  by  gas  chromatography 
(11  )-  Test  sarnies  (weighing  400-2400  mg)  were  introduced  into  a heated 
flask  (S00®C)  where  combustion  took  place.  .After  this  temperature  was  main- 
tained for  2.5  minutes,  the  flask  was  cooled  for  30  minutes  and  the  gaseous 
products  were  quantitatively  analyzed  by  gas  chromatography.  In  order  to  find 
out  whether  hydrogen  cyanide  is  a potential  hazard  at  fires,  the  above  procedure 
which  favors  the  formation  of  to3tic  co^ustion  products  was  adopted.  From 
urea- formaldehyde  foam  the  gaseous  products  were  hydrogen  cyanide  (0.015- 
0.042  g/g  of  sa3^1c),  carbon  mono3d.de  (0.032-0.077  g/g  of  sample)  and  carbon 
dioxide  (0.34-1.35  g/g  of  saxple).  Nitrogen  dic3dde  was  not  detected  with 
any  of  the  5 samples. 


To  ccspare  the  t03dcity  of  a cozbustion  product  obtained  from  different 
materials,  a tosdcity  index  was  xised  (11) . This  index  is  the  ratio  of  the 
e3cperimentally  determined  concentration  of  a t03dc  product  (e3q)ress£d  as  the 
volume  of  product  when  one  gram  of  material  is  decomposed  and  the  cozbustion 
products  are  diffused  into  a volume  of  1 m^)  to  the  concentration  of  the 
same  product  that  is  fatal  (or  dangerous)  to  humans  in  a 30-ziinute  e3coo- 
sure  (z»ethod  of  determination  of  the  fatal  concentration  not  given).  The 


toxicity  index  of  a Baterial  which  produces  two  or  Bore  toxic  coi^ustion  pro- 
ducts is  deternined  by  assuaing  that  the  effects  are  additive.  The  aaxi-ana 
toxicity  indexes  of  the  coabustion  products  of  urea-foraaldehyde  foaa,  wool 
and  white  pine  w'ere  coiiqiared  as  follows: 

Max*Tgnq  Toxicity  Index  due  to 

HCH  CO  CO2  Total 


urea-formaldehyde  foam 

0.26 

0.01 

< 0.01 

0.27 

wool 

0.33 

0.04 

0.01 

0.38 

white  pine 

* 

0.09 

0.003 

0.09 

*not  produced 


In  a recent  study  the  gaseous  co^ustion  products  of  ten  kinds  of  syn- 
thetic polyaers  and  one  kind  of  wood  (cedar)  were  quantitatively  analyzed 
by  infrared  spectrophotometry,  gas  chromatography,  and  colorimetric  tube 
method  (12).  The  coz^ustion  of  urea— formaldeiwde  (0.1  g,  SOO^C,  air  flow 
rate  100  1/hr)  produced  CO2  (1,193  Eg/g  of  sarq>le)  as  the  only  detectable 
gaseous  product.  At  a slower  air  flow  rate  (50  1/hr),  CO  (80:^/g  of  sample) 
and  HCi  (22  ^/g  of  sample)  were  detected  in  addition  to  CO2  (980  mg/g  of 
sai^le).  At  700°C,  nitrous  o:cide  (quantity  not  given)  was  detected  in  the 
gaseous  combustion  products  of  urea-formaldehyde.  Pyrolysis  of  the  urea 
resins  in  the  atmosphere  of  nitrogen  at  700“C  gave  off  aasonia  which  was  de- 
tected with  poor  reproducibility  (about  202  coefficient  of  variation).  The 
total  atnunt  of  nitrogen  detected  in  the  gaseous  products  was  much  less  than 
the  quantity  of  nitrogen  present  in  the  polymer.  The  authors  suggested  and 
confirmed  with  two  synthetic  polymers  that  some  nitrogen  in  the  polymers 
was  converted  to  nitrogen  gas  (K2)  by  the  flaming  coi^ustion. 

The  stability  of  urea-formaldehyde  resins  against  ultraviolet  degradation 
was  studied  by  measuring  changes  in  chemical  structure  with  infrared  spectra 
(59) . A ssriple  of  the  resin  (Cymel  248-S,  American  Cyanamid  Company) 
dissolved  in  n-butyl  alcohol  was  applied  as  a film  on  the  RBr  plate  used  for 
infrared  spectrometry.  .After  drying  under  an  infrared  heat  lamp,  the  sample 
was  placed  about  4 inches  from  the  ultraviolet  source  (wavelength  above  2000 
angstroms)  and  irradiated  in  air  at  room  teCTerature  for  300  hours.  Infrared 
absorption  spectra  were  recorded  before  exposure  to  ultraviolet  light  and  at 
various  intervals  during  the  irradiation  period. 

Xo  changes  in  physical  appearance  properties  of  the  film,  such  as  crack- 
ing, blistering  or  color  change,  were  detected  visually.  The  infrared  spectral 
changes  included  a slight  decrease  in  intensity  of  all  bands  after  DV  irradi- 
ation and  the  appearance  of  a new  band  at  4.66  y characteristic  of  isocyanide 
and  isocyanate  group  absorption.  The  intensity  of  this  band  reached  its 
maximio  after  180  hours  of  irradiation  and  remained  at  that  level.  The  origi- 
nal 3.4  u C-H  streching  band  decreased  20Z  after  the  first  40  hours  of  ex- 
posure to  ultraviolet  light  and  remained  constant  upon  further  irradiation. 

It  was  concluded  that  this  sample  of  urea- formaldehyde  resin  was  moderately  stable 


2.  BIOLOGIC^X 

The  highly  polyaerized  urea-forsaldehyde  resins  do  not  appear  to  be  bio- 
degradable by  various  plants  or  anisals.  Feeding  a co:s2ercial  product,  Uraiaite 
(containing  36. 9Z  nitrogen),  to  lanbs  and  rats  up  to  32%  of  the  total  nitrogen 
in  the  feed  resulted  in  excretion  of  oost  of  the  Uraaite  nitrogen  in  the  feces 
(39).  The  partially  polymerized  vater  insoluble  condensation  products,  on 
the  other  hand,  have  been  used  as  slow  releasing  nitrogen  fertilizers  and  were 
found  degradable  by  soil  inLcroflora  as  shown  in  the  following  reports. 

Yee  and  Love  first  tried  to  use  urea-fornaldehyde  condensation  products 
as  vater  insoluble  nitrogen  fertilizer  in  1947  ( 60  ) . Several  condensation 
products  with  urea  to  formaldehyde  molar  ratios  ranging  from  0.88  to  2.0 
were  prepared  and  their  rates  of  nitrification ( 20  mg  X in  100  g of  soil) 
were  determined.  .Arsoniun  nitrate  and  dried  blood  were  used  as  positive 
controls.  Results  showed  that  the  condensation  products  with  U/F  ratios 
of  1. 4-2.0  nitrified  at  rates  approaching  those  of  acraoniua  nitrate  and  dried 
blood.  The  most  promising  products  for  providing  slowly  available  nitrogen 
sources  are  those  with  U/F  ratios  equal  to  1.18  to  1.36  which  nitrified  at  a 
constant  rate  for  about  3 months  and  then  at  slightly  reduced  rates. 

The  involvement  of  soil  laicroflora  in  the  legradation  of  the  urea- 
formaldehyde  condensation  products  was  studied  by  measuring  the  evolution  of 
carbon  diox3.de,  the  nitrification  in  sterilized  and  unsterilized  media,  and 
the  effects  on  plant  growth  in  sterilized  and  unsterilized  soils  (48). 

Addition  of  the  condensation  products  (D/F  molar  ratios  - 1. 2-1.4;  36-38% 
nitrogen)  at  rates  up  to  1%  (20  eg  nitrogen  per  100  g of  soil)  did  not  in- 
hibit soil  eicrobial  activity  but  appeared  to  proz»te  it.  The  carbon  dioxide 
evolved  was  2—3  times  that  produced  by  the  addition  of  atmonius  nitrate. 

Carbon  in  the  condensation  products  seemed  to  be  as  available  as  that  of  soil 
organic  natter  to  soil  micro flora.  Nitrification  occurred  only  in  unsteri— 
lized  soil  as  measured  in  the  formation  of  nitrates  during  18  weeks.  The 
availability  of  nitrogenous  compounds  (resulting  from  microbial  degrsdation 
of  condensation  products)  for  plant  growth  (Sudan  grass  and  tomatoes)  was 
indicated  by  the  fact  that  the  wei^ts  of  tops  and  roots  (6  weeks  of  growth) 
from  plants  grown  in  unsterilized  soil  were  2—3  times  greater  than  that  of 
plants  grown  in  sterilized  soil.  Thus,  the  urea— formaldehyde  condensation 
products  are  degraded  by  soil  aicroflora  into  simple  nitrogen  compounds 
readily  available  for  plant  growth. 

The  effect  of  pH  on  the  mineralization  (deco^wsition  into  a soluble 
state)  of  the  condensation  products  (molar  ratio  0.5;  26.2%  nitrogen,  59.4% 
of  the  total  nitrogen  being  water-soluble)  in  20  soils  having  initial  pH 
values  ranging  from  3,9  to  7,8  was  studied  for  26  weeks  (61).  A sanmle 
representing  higher  polyaerized  forms  of  urea— formaldehyde , consisting  of 
plastic  waste  izllled  in  the  laboratory,  and  containing  17.8%  of  nitrogen 
of  which  only  4.3%  was  water-soluble,  was  studied  for  comparison.  There  was 
on  inverse  correlation  between  the  pH  values  of  the  soils  and  the  percent  of 
mineralization  of  the  resins  as  shown  in  the  following  table: 
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The  highest  rates  of  nitrification  for  the  low  condensation  products 
occurred  in  soils  having  initial  pH  values  between  5.5— 6.0.  The  dissolution 
of  the  products  in  acid  soils  appeared  to  be  the  result  of  chenical  de— 
cornosition  because  38%  of  the  nitrogen  in  the  products  was  rendered  soluble 
after  soaking  2 days  in  a solution  of  pH  4.0  (50%  soluble  in  7 days)  without 
the  action  of  soil  nicroflora. 


The  rate  of  mineralization  of  urea-forsaidehyde  fertilizer  has  been 
found  to  follow  first  order  reacfion  kinetics,  and  the  rate  increases  at 
higher  temperatures  (62).  Dissolution  of  these  products  has  been 
studied  by  leaching  analysis  (51,54,55  ).  Other  crops  tised  to  study  the 
availability  of  the  degraded  nitrogen  products  were  com  (49  ) , oats  and 
millet  (50),  and  turf  grass  (52,53  ).  Since  urea-formaldelqrde  resins  are  de- 
graded slowly  over  a long  period  of  time,  they  are  most  suitable  for  long- 
growing  crops  requiring  a constant  supply  of  available  nitrogen.  A long 
term  study  (7  years)  on  their  effects  on  turf  grass  shoved  that  although  the 
availability  of  nitrogen  for  the  first  2 years  was  not  very  efficient,  at 
the  end  of  the  7-year  period  urea- formaldehyde  fertilizer  gave  the  best 
results  as  determined  fay  yield,  color  and  soil  nitrogen  content  ( 53  ) - 

The  deco:^>osition  of  four  urea- formaldehyde  condensation  products  of 
low  molecular  weights  were  studied  in  acid  soil  and  soil  neutralized  with 
lime  (635-  The  four  products,  methylene-urea,  dimethylene- triurea, 
trimethylene-tetraurea,  and  tetramethylene-pentaurea,  were  prepared  cherni- 
cally  under  acid  conditions  in  pinre  or  partially  purified  form.  Deco3^sition 
of  these  compounds  in  soil  was  studied  by  incubation  in  700  g of  moist  soil 
at  concentrations  equivalent  to  3(K)  ppm  of  X expressed  on  the  basis  of  oven- 
dry  soil.  Duplicate  mixtures  containing  0.5%  calcium  carbonate  in  soil 
were  used  to  study  the  effect  of  soil  pH  on  the  decoCTOsition  of  these  pro- 
ducts. The  mixtures  were  incubated  for  26  weeks  at  23.5®C.  The  degree  of 
mineralization  of  these  coapounds  was  analyzed  by  measuring  the  quantities 
of  azmonia  and  nitrate  formed  after  1,  2,  3,  4,  8,  12,  16  and  26  weeks  of 
incubation ( 63) • 

Results  shewed  the  rates  of  mineralization  of  these  cozpounds  decrease 
with  increasing  chain  length.  Kethylene  diurea  decomposed  very  rapidly  and 
cospletely  in  acid  soil  (pH  5.4).  The  addition  of  lime(  soil  pH  7.6)  de- 
layed Che  initiation  of  decomposition  but  still  88%  of  it  was  mineralized 
in  2 w'ceks.  Dimethylene-triurea  was  decozposed  less  rapidly  initially  and 
reached  cozpletion  by  the  end  of  26  weeks  in  acid  soil.  In  the  presence  of 


llTse,  mineralization  started  after  the  first  week  and  reached  82Z  after  26 
weeks.  The  decosncsition  of  trimethylene-tetraarea  proceeded  slowly  but 
steadily  in  acid  soil  and  approached  its  r»ayiTTiT7:<  (81-85Z)  within  8 weeks. 

The  addition  of  lime  delayed  the  Initiation  of  decox^osltion  but  the  maxisun 
of  67-72Z  was  also  reached  in  8 weeks.  The  largest  pol3^r  of  this  series, 
tetramethylene-pentaurea,  decoi^osed  very  slowly  in  the  soil  and  attained 
only  13Z  mineralization  in  acid  soil  and  9Z  in  limed  soil.  It  was  concluded 
that  trioethylene-tetraurea  appeared  to  be  the  most  promising  compound  as 
a slow  fertilizer. 


E.  BiaACCDMOL.ATIOX 

The  urea-formaldehyde  resins  are  not  absorbed  by  plants  or  animals  in 
the  polymerized  form.  Khen  fed  to  the  resins  are  excreted  in  the 

feces  (39).  Ifhen  applied  as  fertilizer  in  the  soil,  the  low  molecular 
weight  condensation  products  are  slowly  broken  down  by  soil  microorganisms 
into  simple  nitrogenous  compounds  which  ran  be  utilized  by  plants  ^8r-50)  . 
Those  that  get  into  leaching  water  probably  are  degraded  by  soil  and  aquatic 
nicroflora  into  simple  compounds  which  are  taken  up  by  aquatic  plants  and 
animals  and  eventually  enter  into  the  food  chain  CO -55) . So  reports  on  bio- 
accumulation were  found  in  the  literature. 


XIII-  SIDUSTRIAL  HXGIEKE  STANDARDS  AND  PRACTICES 


The  safety  hazards  of  urea-fonsaldehyde  resins  prirsarilv  involve  fonaalde- 
hyde  which  is  inadvertently  released  into  the  air. 


The  condensation  of  urea  and  forasaldehyde  is  an  exothermic  reaction. 

Heat  generated  during  the  reaction  would  increase  the  concentration  of  formal- 
dehyde in  the  air  causing  irritation  to  the  eyes,  nose,  throat  and  skin  of 
exposed  workers,  especially  individuals  hypersensitive  to  it.  In  addition 
to  the  hazard  during  manufacturing  of  the  resins,  formaldehyde  is  also 
evolved  when  the  condensation  products  are  processed  in  molding,  laminating, 
coating,  etc.,  to  make  various  end  products.  These  products,  if  not  com- 
pletely cured,  could  again  release  small  quantities  of  formaldehyde  over  a 
long  period  of  time.  Thus  industrial  safety  practices  center  on  keeping  the 
level  of  formaldehy'le  below  the  threshold  limit  values.  In  the  following 
sections  the  hygienic  and  safety  practices  for  the  manufacturing  and  applica- 
tion of  urea-formaldehyde  resins  and  the  prevention  of  hazards  due  to  the 
finished  products  will  be  reviewed. 


A-  THRESHOLD  LIMIT  VALDES  (TLV)  AND  ST.ANDARDS 


There  are  no  TLV  or  OSHA  standards  set  for  urea-formaldehyde  resins  in 
the  workroom  environment-  The  current  OSHA  standard  for  formaldehyde  for 
8-hour  tise-wei^ted  average  Is  3.6  ng/a^-  The  maximum  ceiling  limit  is 
12  ag/a^  for  30  minutes  duration  on  8-hour  shift.  NIOSH  recoassends  1.2  ng/n^ 
ceiling  for  30  minutes  (64). 


B.  INDUSTRIAL  HEALTH  AND  S-AFETY  PRACTICES 


h 


Host  studies  of  industrial  hazards  in  the  manufacture  of  urea-formaldehyde 
resins  and  the  application  of  their  low  oolectilar  weight  products  were  re- 
ported outside  of  the  United  States  (65-71).  Within  the  United  States,  a few 
cases  of  occupational  dermatoses  were  reported  only  during  the  early  years 
(later  thirties  and  early  forties)  when  the  urea-formaldehyde  resins  were 
first  introduced  coisiercially  (18,19).  .After  a coim)letely  enclosed  system 
for  the  manufacture  of  these  resins  was  adopted  in  later  years,  no  reports 
of  industrial  hazards  have  been  found.  The  safety  practices  thus  involve 
engineering  control  and  hygiene  aspects  as  recommended  by  the  Bureau  of  In- 
dustrial Hygiene,  Michigan  Department  of  Health  (20). 

1.  ENGINEERING  CONTROL  .ASPECTS 


Operations  for  taixing,  grinding  and  heating  should  be  enclosed  to  prevent 
fumes  and  dust  polluting  the  air-  Adequate  ventilation  should  be  installed 
to  remove  fuses  and  dust  in  the  air  and  frequent  cleaning  of  dust  on  floor 
and  machines  by  vacinim.  Manual  operations  should  be  replaced  by  mechanical 
equipment  to  reduce  direct  contact  with  the  material.  The  plant  should  be 
designed  to  place  heating  and  drying  operations  in  one  area  segregated  from 
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the  rest  of  the  plant  so  that  funes  will  not  contaninate  the  entire  plant. 

Air  teiaperature  should  be  kept  low  because  heat  tends  to  intensify  skin  ir- 
ritation (20).  Industrial  waste  water  containing  fcmaldehyde  can  be  treated 
with  line,  which  reduces  its  concentration  100-fold  in  3 days  (72) . 

2.  HYGIENIC  .ASPECTS 

Personal  hygiene  of  workers  should  be  eE5)has5'-id-  Adequate  washing 
facilities  for  frequent  cleaning  of  exposed  skin  .»d  for  showering  at  the 
end  of  the  work  shift,  should  be  provided.  Mild,  nonirritating  soap  and 
clean  towels  should  be  available.  Workers  should  wear  protective  clothing 
such  as  gloves,  sleeves  and  coveralls,  which  should  be  laundered  frequently. 
Protective  creans  for  face  and  other  exposed  parts  of  the  body  should  be 
provided.  The  workers  should  be  infomed  about  the  toxic  nature  of  the  nater- 
ia!  and  instructed  about  the  proper  operative  techniques.  Adequate  education 
on  personal  hygiene  and  safety  ceasures  should  be  given.  Frequent  oedical 
check-ups  should  be  cade  to  detect  any  health  problecs  at  the  early  stage  (20) . 


C.  S-AFETY  MEASURES  FOR  STORAGE  OF  PRODUCTS 


When  urea-foicaldehyde  condensation  products  are  used  to  cake  chipboard,  to 
treat  textiles  or  for  thercal  insulation,  residual  forealdehyde  cay  be  re- 
leased slowly  if  the  resin  is  not  coi^letely  cured  to  fora  hi^  colecular 
w’eight  polycers.  Thus  chipboards  and  treated  fabrics  should  be  stored  in 
a well-ventilated  warehouse  for  3 conths  before  being  shipped  for  the  carket 
(73,74).  When  urea-foraaldehyde  foac  is  used  to  fill  wall  cavities  for  heat 
insulation,  the  building  should  not  be  occupied  for  3 laonths  to  ensure  coc- 
plete  renoval  of  all  residual  forealdehyde  (68,75)*  Should  the  warehouse 
catch  fire,  it  should  be  kept  in  cind  that  highly  toxic  gaseous  products  such 
as  hydrogen  cyanide,  carbon  conoxide  and  acconia  would  be  produced  (9,11,12). 
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XIV-  SAMPLING  AND  ANALYSIS 


In  this  section  special  leethods  for  sampling  and  recent  methods  for  the 
analysis  of  urea-fortaaldehyde  resins  and  for  the  detection  of  free  formalde- 
hyde will  be  discussed. 


A.  SAMPLING 

For  detection  of  free  formaldehyde  in  clothing,  the  entire  garment  is 
placed  in  an  air-tight  container  in  Which  a small  beaker  containing  a few  drops 
of  chronotropic  solution  (1  g in  250  ml  sulfuric  acid)  is  placed-  The  quantity 
of  formaldehyde  is  estimated  by  measuring  the  time  needed  for  the  initial  purple 
color  to  appear  ( 76 ) . 

The  formaldehyde  released  in  the  air  from  chibboarcfe  is  estimated  by  the 
intake  of  50  liters  of  room  air  throu^  a washing  bottle  and  analyzing  the 
extract  by  the  general  procedure  (74),  or  by  the  air  being  pulled  through  a 
solution  containing  the  chronotropic  reagent  (77) . 


B.  ANALYSIS  0?  UREA-FOBMALDEHYDE  RESINS 


Comp-.eteiy  polymerized  resins,  as  well  as  their  low  molecular  weight 
condensation  products;,  can  be  analzyed  by  paper  chromatography,  thin- layer 
chromatography,  gas  chrotsatography,  gel-perreation  chroj^atography,  infrared 
spectrophotoEsstry,  polarography  and  proton  magnetic  resonance  methods.  These 
will  be  discussed  as  follows: 

1-  PAPER  aiRO.MATOGRAPHY 

The  aminoplasts  in  glues,  hardened  gl»ie  joints,  -camishes  and  impregnated 
paper  can  be  detected  and  separated  by  paper  chromatography  (78).  The  ground 
sat3»le  (1-2  g)  is  hydrolyzed  in  hydrochloric  acid  (25a,  density  1.25)  and  a 
few  drops  of  hydrogen  peroxide  for  15  minutes.  After  spotting  on  Schleicher 
and  Schull  ZOAUb  paper,  it  is  developed  with  butanol racetic  acid:water  (4:1:5) 
and  dried  at  35®C-  The  paper  is  sprayed  with  0.52  dimethylaminobenzaldehyde 
in  isobutyl  alcohol  and  treated  with  hydrochloric  acid  vapor-  Bright  lemon 
yellow  spots  for  urea  (Rf  0.41-0.43)  appear  after  2-6  minutes;  for  melamine, 
the  spots  are  com  yellow  (Rf  0.22-0.24)  and  appear  after  7-12  minutes. 

2.  THIN-LAYER  CnROMATOGRAPEY 

Urea-formaldehyde  condensation  products  of  low  molecular  weight  (less 
Chan  200)  can  be  qualitatively  detected  by  thin- layer  chromatography  ( 79  ) . 

The  plates  (Merck  Kieselgel  F254,  fast  running)  are  pre-treated  with  ammonia 
vapor  immediately  before  sample  application  to  prevent  further  condensation 
during  chromatography.  The  condensation  mixture  is  applied  as  a 202  solution 
in  mechanol-wacer  (1:1)  and  developed  with:  (1)  ethyl  acetate:methanol:ammonium 
hydroxide,  Sp-  gr-  0.880,  (80:6:6)  for  separation  and  detection  of  ethers  and 
I methylol  coz^ounds  of  urea;  (2)  ethyl  acetate :methaaol :ammonium  hydroxide, 

I Sp.gr.  0.880,  (80:15:5)  for  separating  mixtures  of  aethylenediurea,  methylol 

methylene  diurea  and  dime thy lenetriurea. 


The  developed  plates  are  dried  at  roon  tenperature  for  15  minutes,  and 
exposed  to  chlorine  gas  for  a few  seconds.  After  allowing  the  excess  chlorine 
to  disperse,  the  plates  are  sprayed  with  5Z  o-toluidine  in  glacial  acetic  acid. 
Full  color  develops  in  8 hours  (plates  kept  in  dark)  and  is  stable  for  several 
weeks.  Urea  and  methylenediurea  appear  as  blue  spots;  formaldehyde,  dimethylol 
urea,  etc.,  as  yellow  spots;  and  monomethylol  urea,  etc.,  as  green  spots. 

The  Rf  values  are  given  in  a graph. 

Quantitative  estimation  of  these  low  molecular  weight  condensation  products 
is  accomplished  by  converting  these  compoimds  to  their  methyl  ethers  with 
nethanolic  boron  trifluoride.  These  ethers  are  stable  and  easily  separable 
from  each  other  and  from  high  molecular  weight  condensates  on  thin-layer 
chromatography  (80).  The  procedure  consists  of  adding  0.5%  boron  trifluoride 
(in  methanol)  dropwise  with  vigorous  stirring  to  1 g (or  less)  of  sample  to 
a final  volime  of  5 ml.  The  thin-layer  plate  (JJerck  Kiesegel  F25i|)  is  pre- 
treated with  the  vapor  of  the  developing  solution  (ethyl  acetate :methanol: 
aczzonium  hydroxide,  Sp.  gr.  0.880,  A4:3:3)  before  application  of  the  sample. 
After  development,  the  plate  is  treated  with  chlorine  gas  and  sprayed  with 
5%  o-toluidine  solution  as  described  previously.  Urea  appears  as  blue  spots 
after  30  minutes,  monomethylolurea  monomethyl  ether  as  green  spots,  and  di- 
methylolurea  dimethyl  ether  <is  yellow  spots.  (Rf  values  are  not  given,  but 
the  position  of  spots  is  shown  in  a chromatogram.) 


INFRARED  SPECTROPHOTO^TRY 


The  amount  of  urea- formaldehyde  resin  (0. 3-3.0%)  in  wet-strength  paper 
can  be  measured  by  differential  infrared  spectrophotometry  (81).  The  paper 
samples  are  made  translucent  with  an  imersion  oil  whose  refractive  index 
is  close  to  that  of  the  paper,  and  the  samples  are  analyzed  directly  by  placing 
then  between  sodium  chloride  plates.  Any  material  commonly  found  in  the  paper 
that  might  interfere  with  spectral  analysis  is  removed  by  exhaustive  Soxhlet 
extraction  with  carbon  tetrachloride  and  me thy le thy ike tone.  A standard  paper 
is  chosen  for  the  reference  beam.  Commercial  resin  samples  were  analyzed  by 
casting  the  resin  on  sodium  chloride  plates  and  obtaining  the  spectra  before 
and  after  curing  the  sample  at  105®C  for  1 hour.  The  aliphatic  C-H  stretching 
band  at  3.4  u is  used  as  an  internal  standard. 

4.  POLAROGRAPHIC  METHOD 


Colloids,  high  molecular  weight  substances  and  dyes  will  decrease  the 
polarographic  maxima  of  oxygen.  This  suppression  is  used  as  a criterion  for 
the  evaluation  of  sanitary  safety  of  plastics,  such  as  polyvinyl  alcohols, 
polyamides,  polyvinyl  butyrals  and  urea- formaldehyde  resins  (82).  The  samples 
(2.5  g or  100  ca^)  were  extracted  with  100  ml  of  water  for  10  days.  Plastics 
that  show  less  than  50%  suppression  or  the  oxygen  maxima  of  the  polarographic 
curve  are  regarded  as  sanitarily  acceptable. 


MS?WirrMWBi|^TBateg;i»iiyiji8^  i - Tia^agiis 


a^BiaaaiThriTiriTiig~i'rt'Tmniir°n?s»sF8affflfagai8iata 


sAikaA— 


3.  COMBIKATTON  METHOD 

Recently  a coiAination  ciethod  for  the  analysis  of  lew  colecular  weight 
condensation  products  of  urea-fortsaldehyde  by  the  application  of  gas  chroaatogra- 
phy,  sass  spectroraetry,  gei-pe.  aatian  chrorstography  and  proton  sagnetic- 
resonance  was  reported  ( 83  ) . These  condensation  products  ar*  converted  into 
volatile  derivarives  for  gag  chroesa to  graphic  analysis  by  sii.  ation  with 
N,0-bistriEethylsilyl-trifluoro-acetai3ide  (BSTFA)  in  dinethyl  forsaside.  The 
gas  ckroratogras  was  analyzed  by  zsass  spectroiaetry  to  obtain  the  exact  azsoisits 
of  urea,  nonooethylolurea  and  disethylolurea  in  the  resin.  Gel  perEeation 
chromatography  is  used  to  separate  low  noiecular  weight  mixtures  (by  using 
Sephadex  LH20  , 50-60  y,  in  water^  and  high  laolecular  weight  products  (by  using 
Styragel,  3 x 10^  A and  3 x 10^  A,  in  dissethyl  formaaide).  Proton  magnetic 
resonance  spectra  are  used  to  analyze  the  presence  of  functioijal  groups  in 
urea-formaldehyde  resins  (83,84). 


C-  AHALYSIS  OF  FREE  FORMALDEHYDE 


Although  fonaaldehyde  is  not  the  main  topic  for  this  study,  methods  of 
analysis  for  it  will  be  discussed  briefly  because  it  is  the  major  cause  of 
health  hazards  of  urea- formaldehyde  resins-  The  cost  cozmonly  used  reagent 
for  free  fomaldehyae  is  chronotropic  acid.  Other  reagents  are  Schiff's  re- 
agent, ”Purpald,”  and  ace tylace tone  plus  aisoniun  salts. 

1-  CHROMOTROPIC  ACID  HETKOD 

Formaldehyde  reacts  with  chroaotropic  acid  (l,8-dihydrox3maphthaiene-3,6- 
disulfonic  acid)  in  the  presence  of  sulfuric  acid  to  give  an  intense  purple 
color  which  can  be  quantitatively  estisated  at  570-580  ms.  This  reagent  is 
specific  for  formaldehyde  and  will  not  react  with  other  aldehydes  which  give 
positive  reactions  with  the  classical  Schiff*s  reagent.  For  high  concentrations 
of  fomaldehyde,  the  purple  color  appears  within  minutes;  but  more  than  10 
hours  for  low  concentrations  of  formaldehyde-  The  developaent  of  color  can 
be  speeded  up  by  heating  the  solution  at  lOO^C  for  30  ednutes.  Variations 
of  this  method  have  been  enployed  to  detect  free  formaldehyde  in  fabric  samples, 
in  clothing,  in  chipboard,  in  plastic  utensils  and  in  the  air  (74,76,77). 

The  general  procedure  consists  of  reacting  5 al  of  a water  extract 
of  the  sample  with  1 al  of  5Z  chrosotropic  acid  and  5 lal  of  concentrated  sul- 
furic acid.  After  heating  at  109‘*C  for  30  ninutes  the  color  developed  is 
measured  at  570  na  spectrophotonetrically  (15,85,86). 

2.  OTHER  REAGENTS 

The  classical  aldehyde  reagent,  Schiff*s  reagent,  can  be  used  to  detect 
formaldehyde,  but  the  results  are  not  specific  because  other  aldehydes  also 
react  vita  this  reagent - 

Trace  amounts  of  formaldehyde  react  with  a reagent  containing  acetyl- 
acetone  and  an  excess  of  assonium  salt  to  give  a yellow  product  (diacetjldi- 
hydrolutidine)  which  can  be  measured  at  412  nia.  The  product  is  alja>  strongly 
fluorescent  under  soft  ultraviolet  light.  The  conditions  for  this  reaction 
are  mild  enough  to  pemit  its  use  with  living  materials  (87  )^ 


"Purpald"  (4-aaino-3-h>*dra2ino-5-E3ercapto-l,2,4-triazole)  is  a new  re- 
agent that  reacts  with  forsaldehyde  to  give  a purple  color  (A  ssax  = 550  na) 
in  1 N sodiua  hydroside  solution  (88) . This  reaction  is  so  sensitive  that 
the  liait  of  detection  is  5 ng  of  foraaldehyde  per  lal  (0.005  pps)  which  is 
below  the  liait  of  odor  detectability  (0.88  ppa)  and  riasisiia  peraissible  iii- 
dus trial  level  (6  of  air).  Therefore,  this  reagent  has  been  used  to 

check  air  quality  of  factories  and  to  assess  the  efficiency  of  curing  in  chip- 
board. For  the  latter,  spot  tests  on  chipboard  with  one  drop  of  1%  purpald 
in  1 N sodiun  hydroside  give  a purple  color  when  the  resin  is  not  ctnspletely 
cured  and  formaldehyde  is  present  (88) . 
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The  properties  of  urea-forsaldehyde  resins  depend  greatly  upon  the  degree 
of  polymerization  of  the  product;  Low  molecular  veight  products  exist  either 
as  a viscous  liquid  (neutral  or  alkaline  pH)  or  a white  powdery  solid  (acid 
pH) . They  are  converted  by  heat  (heat-cured)  or  acid  (acid-cured)  into 
high  polymeric  forms  which  are  water-insoluble,  amorphous  solids  (1-3) . 

The  sisle  condensation  products  ("monomers  and  dimers")  are  viscous 
liquids  which  are  soluble  in  water  and  alcohol  and  deco3£pose  easily  with 
the  release  of  formaldehyde.  Intermediate  products  are  amorphous  powders 
which  are  soliible  in  pyridine,  aqueous  formaldehyde,  formic  acid  and  dilute 
mineral  acids.  They  are  gradually  deconmosed  in  acid  zaedium  under  asbient 
conditions  slowly  giving  off  formaldehyde  (1-4). 

The  cured,  hl^,  molecular  weight  final  products  are  colorless,  trans- 
parent, odorless  and  tasteless  solids.  They  are  insoluble  in  cold  water  and 
cold  dilute  acids  and  alkalis  but  decozn>ose  in  boiling  water  and  hot  strong 
acids  and  alkalis.  They  are  unaffected  by  common  organic  solvents,  oil  and 
grease  (1-3).  Various  fillers,  such  as  cellulose  and  weed  flour,  are  added 
to  the  resins  to  improve  their  strength  and  quality,  .^cohol  derivatives  are 
introduced  to  increase  their  solubility  in  non-aqueous  solvents  (1-3) . 

-Although  these  resins  do  not  catch  fire  on  free  flame,  they  do  dccos^ose  upon 
pyrolysis  giving  off  gaseous  products  such  as  carbon  monoxide,  hydrogen  cyanide 
carbon  di03d.de  and  ammonia  (9-12) . 

Since  there  is  no  single  foimula  for  urea- formaldehyde  resins,  it 
should  be  kept  in  mind  that  the  products  used  for  investigations  discussed 
in  this  report  vary  in  their  co:s>ositioa  and  the  quantities  of  free  formal- 
dehyde present  in  the  resins.  The  presence  of  free  formaldehyde  influences 
greatly  the  effects  of  the  resins  on  humans,  animals,  plants,  microorganisms 
and  the  environment. 

B.  Hiaax  TOXICTTi 


In  view  of  the  literature  available  to  date,  the  completely  cured  urea- 
formaldehyde  resins  do  net  appear  to  be  toxic.  Toxic  effects  could  arise  from 
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the  highly  polysaric  forss  of  resins  during  pyrolysis  vhere  toxic  gaseous  pro- 
ducts, such  as  hydrogen  cyanide,  carbon  aonoxide,  and  a?nonia,  are  generated 
-12). 

Most  of  the  reported  adverse  reactions  pertaining  to  urea-fonaaldehyde 
'ins  are  oainly  due  to  forsaldehyde  vhich  is  produced  by: 


a.  inco^letely  reacted  starting  laateriai, 

b-  slow  decossosition  of  lov  aolecular  veight  condensation 
products, 

c.  decososition  of  the  resin  by  heat  vhich  is  generated 
dinring  industrial  processing  such  as  molding,  laminating, 
high  speed  sawing,  etc-, 

d.  slow  release  froa  resin  treated  fabric,  paper  and  chipboard. 


Formaldehyde  is  veil  known  to  be  highly  irritating  to  eyes,  skin  and 
sicous  ae^rane.  Since  a detailed  report  on  the  toxicity  of  foxsaldehyde 
appeared  in  a SIOSH  criteria  document  (13) , only  a brief  discussion  on 
the  various  effects  of  formaldehyde  produced  f-oa  the  incoroletely  cured 
resins  are  reported  here. 


1-  Eye  Exposure 

Fabrics  that  are  itrproperly  created  with  urea-formaldehyde  resins  and 
insufficiently  washed  before  marketing  would  release  formaldehyde  slowly 
into  the  air.  Stores  selling  such  fabrics  were  found  filled  vith  formaldehyde 
fumes  vhich  caused  excessive  lacrisation  in  shopkeepers  and  customers  (14,15) 


2.  Inhalation 

Formaldenyde  vas  detected  in  the  blood  of  workers  who  had  been  exposed 
to  urea— formaldehyde  resins.  The  blood  formaldehyde  levels  were  highest  soon 
after  work  and  disappeared  18  hours  later  (16) - Female  workers  exposed  to 
various  concentrations  of  formaldehyde  suffer  menstrual  disorders  and  cofss- 
plications  during  pregnancy;  children  bom  were  underweight  (17)  - 


3-  Skin  Contact 

Formaldehyde  released  from  urea— formaldehyde  resins  say  cause  dermatoses 
to  persons  emosed  to  it-  People  say  cose  into  skin  contact  with  forsaldehyde 
occupationally  or  through  using  products  vhich  have  been  improperly  treated 
vith  urea— forsaldehyde  resins.  Ifost  of  these  cases  were  reported  outside  of 
the  United  States - 

a.  Occupational  Dermatoses 

b\>rkers  engaged  in  manufacturing,  molding,  lasinating,  applying  adhesives 
etc.  are  e3q>osed  to  forsaldehyde  released  during  the  process.  Dersatcses 


ijsually  develop  on  the  hands  and  forearss  of  these  workers  (16-29) . 


b.  Contact  Deraatoses  due  to  Use  of  Treated  Products 

People  wearing  clothing  nade  of  fabrics  that  was  improperly  treated  with 
urea-fomsal  dehyde  resins  nay  develop  dematoses  around  the  neck  and  waist 
and  tinder  am  area  (15,30-36). 


EFFECTS  OX  -ANIMALS 


Coapieteiy  cured  urea-foraaldehyde  resins  are  not  considered  to  be 
toxic,  and  there  are  only  a few  reports  which  describe  effects  of  these 
resins  on  anirsals. 

The  acute  oral  toxicity  of  urea— fomaldehyde  resins  was  detemined  in 
6 groups  of  guinea  nigs  (5  per  group)  by  oral  adninistration  (inserted  down 
the  esophagus)  of  single  doses  of  480—2320  ^/kg  body  weight.  Xo  anlaals  died 
during  the  test  or  through  the  observation  period  of  8 days.  Xo  pathological 
changes  were  observed  (37). 

The  subchronic  oral  toxicity  of  the  resin  was  detemined  in  rats  (strain, 
sex,  age  ai?d  nu^er  not  given)  by  giving  daily  doses  of  1 g/kg  body  weight  in 
the  f ;ra  of  s 202  polysorbate  solution  anai nistered  with  a pharyngeal  tube  for 
9 weeks-  So  histological  abnomalities  were  found  in  the  liver,  kidney  or 
intest  Iilal  tra-t  of  the  rats  (37). 

LaBiuS  f».d  discs  containing  2,  4,  8,  16  or  322  of  the  resin  replacing 
equivalent  quantities  of  urea  (control  diet  contains  1002  urea)  for  10  days 
showed  no  toxic  effects-  Much  of  the  nitrogen  in  the  resin  was  excreted 
in  the  fe^'es  (37). 

Vhen  two  urea- fomaldehyde  resins  containing  different  quantities  of 
free  foisaldehyde  (one  contained  292,  the  ocher  1.22)  were  applied  on  the  skin 
of  10  albino  guinea  pigs.  7 out  of  30  and  8 out  of  10  anisals,  respectively, 
developed  erytheaa  and  other  skin  irritations.  It  was  concluded  that  the 
sensitizing  effect  ws  not  due  to  free  fomaldehyde  (23). 


D.  CARCISOGEXICITY.  M?IAG£SICI7Y  .AND  TERAT0CEKICI7Y 


So  reports  on  carcinogenicity,  sutagenicity  and  teratogenicity  of  urea- 
fomaldehyde  resins  were  foxmd  in  the  literature. 


E.  EFFECTS  OX  DOMESTIC  .AXXMALS  AHD  WILDLIFE 


Xo  reports  on  Che  effects  of  urea- fomaldehyde  resins  on  wildlife  were 
found  in  the  literature.  In  the  only  report  available  on  dorses  tic  anisals, 
lanbs  were  fed  diets  containing  2-322  of  the  resins  for  10  days  without 
effects  (39)  (see  Effects  on  .Anisals). 
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F.  EFFECTS  OX  AQUATIC  ORGUflSMS 


No  studies  on  the  effects  of  urea-fornaldehyde  resins  on  aquatic  organisss 
were  found  in  the  literature. 


EFFECTS  OX  mCROORGAXISMS 


The  co^letely  cured  urea-fonsaldehyde  resins  in  highly  polyserized 
foms  have  no  apparent  effects  on  sicroorgani^ns  (40). 


The  lov  nolecular  veight  condensation  products  vith  urea  to  forsaldehyde 
ratio  greater  than  unity  (O/F  > 1)  have  been  used  as  fertilizers  because  soil 
nicroorganisns  can  attack  and  degrade  these  products  to  provide  soluble  nitrogen 
for  groving  plants  (see  Biological  Degradation  in  Section  XII) . 


Vhen  the  urea  to  fomaldehyde  ratio  is  less  than  unity  (D/F  < 1),  the  lew 
Qolecular  weight  condensation  products  such  as  Anaflez  e^diibited  an  anti- 
bacterial action  which  has  been  applied  clinically  to  treat  certain  skin  in- 
fections. A total  of  37  species  (580  strains)  of  oacteria  and  fungi  were 
tested.  All,  except  6 strains,  were  found  sensitive  to  the  resin;  viruses  of 
herpes  simplex,  vaccinia  and  polio^elitis  were  not  affected  (37,41,42). 
Clinical  tests  on  more  than  200  patients  representing  238  of  various 

skin  infections  showed  that  803  of  those  with  furunculosis  were  cured  within 
4 days  (41-43). 


It  has  been  assumed  that  the  antibacterial  action  of  Anaflex  was  due  to 
free  formaldehyde  in  the  product.  However,  chemical  analysis  w’ith  aldehyde 
reagent  and  skin  tests  with  a single  rabbit  and  a human  volunteer,  which  were  both 
hypersensitive  to  fomaldehyde  showed  that  the  sample  of  Anaflex  did  not  con- 
tain free  formaldehyde.  Thus  the  resin  itself  nay  exert  an  antibacterial  action 
(41,42).  This  is  contrary  to  the  results  found  by  other  investigators. 


EFFECTS  OX  SOIL  ORGANISMS 


Vhen  an  urea-fomaldehyde  foam  used  as  soil  conditioner  was  added  to  the  soil 
at  100  ml  per  200  ml  soil  extract,  the  population  of  parasitic  nematodes  decreased 
linearly  with  time  and  stayed  at  the  low  level  for  5 weeks.  The  population  of 
saprozoic  nematodes  decreased  during  the  first  2 weeks  of  treatment,  reached 
tlie  lowest  level  after  3 weeks,  and  started  to  increase  again  thereafter  (46). 


The  same  soil  conditioner  preparation  (0,33,50,67,  and *1003  Hygrosaill) 

with  pine  litter  in  azalea  cultures.  After  6 months,  the  population 
of  lumnricifl^-  a ......  .. 


of  lu^ricias,  enchytracids,  and  4 species  of  mites  was  reduced  in  mixtures 
containing  higher  percentages  of  the  resin  (47). 


EFFECTS  OX  PLANTS 


The  coxaletely  polymerized  urea-formaldehyde  resins  have  not  been  reported 
to  be  toxic  to  plants.  Since  they  are  cbemically  inert  at  anhient  conditions. 


they  are  not  likely  to  be  broken  down  by  soil  mcroorganiszs  to  supply  nitrogen 
for  plants  under  neutral  conditions,  but  laay  be  slowly  degraded  in  acid  pHs. 

The  low  and  intenaediate  aolecular  weight  condensation  products  have  been  used  as 
fertilizers  which  release  nitrogen  slowly  at  a steady  rate  over  a long  period 
of  tioe.  These  are  not  suitable  as  quick  fertilizers  that  supply  readily 
available  nitrogen  (see  Biological  Degradation  in  Section  XII)). 

So  adverse  effects  on  plants  have  been  reported  when  these  products  were 
used  as  fertilizers  for  tonatoes  and  Sudan  grass  (48),  com  (49),  oats  and 
oillets  (50),  pine  seedlings  (51),  azalea  (47)  and  turf  grass  (52,53). 

The  gaseous  products  obtained  froa  pyrolysis  of  urea-foraaldehyde  resins 
are  highly  toxic.  One-week-old  seedlings  of  sirsaer  squash,  alfalfa,  laistard, 
blue  grass  and  northern  green  beans  w'ere  killed  in  10  ainutes  when  exposed 
to  the  coi^ustion  effluent;  two-week-old  plants  were  stunted  and  bleached  but 
not  killed  (10,  see  Cheaical  Degradation  in  Section  XII). 


J.  PHASKiCOKINmCS 


Ko  detailed  reports  on  the  absorption,  distribution,  aetabolisa  and  ex- 
cretion of  urea— foraaldehyde  resins  were  found  in  the  literature.  The  nitrogen 
in  urea- foraaldehyde  resin  did  not  seea  to  be  aetabolized  and  was  excreted 
in  the  feces  by  laabs  which  were  fed  a diet  containing  the  resin  as  a supple- 
aental  nitrogen  source  (39) . 

F..  OCCDRREKCE,  DISPSRSIOX  AXD  FATE  IS  THE  EXVIRDXHECT 


1.  Occurrence 

Drea-foiaaldehyde  resins  are  synthetic  products;  they  do  not  occur  in 
nature.  Cured  resins  are  widely  used  in  aolding,  laainating,  surface  coating, 
insulation,  as  adhesives  and  in  treataent  of  textiles  and  paper.  In  addition, 
the  low  aolecnilar  wei^t  condensation  products  can  also  be  used  as  an  anti- 
bacterial agent  or  a fertilizer  depending  on  the  solar  ratio  of  urea  and 
foraaldehyde  (see  Section  VIII  and  XII) . 


2.  Persistence 

The  conaletely  polyaerized  urea-foraaldehyde  resins  are  cheaically  and_ 
physiologically  inert  isider  aahient  conditions  and  thus  will  persevere  in  tne 
environaent.  Upon  pyrolysis,  they  break  down  into  various  gaseous  cocpoixnds 
depending  on  the  co^ustion  teiq>erature  (see  Cheaical  Degradation  in  Section 
XII).  The  low  aolecular  wei^t  condensaticnt  products  dercapose  gradually  giving 


No  studies  on  the  dispersion  or  urea-foroalnehyde  resins  were  found  in 
the  literature.  The  coapletely  polyeerized  resins  presumably  are  trans- 
ported and  dispersed  as  solids.  Soae  of  the  low  isolecular  veight  condensa- 
tion products  are  soluble  and  can  be  found  in  leaching  vater  vhen  they  are 
used  as  fertilizers  (51,54,55). 

4.  Degradation 
a.  Chpiaical 

Although  the  coCTletely  polyaerized  resins  are  cheaically  inert  under 
ordinary  use-related  conditions,  they  are  decor^osed  in  hot  concentrated  alkali, 
releasing  annonia,  and  in  hot  concentrated  acids,  giving  off  fomaldehyde 
and  formic  acid  fumes  (4). 

Under  oxidative  taersal  decomposition,  the  butylated  resin  produced 
carbon  dioxide  and  butanol  at  tesperature  range  150-200“C.  Above  250“C, 
snail  anounts  of  butene,  butyric  acid,  parafomaldehyde  and  water  were  de- 
tected (57). 

A sa^le  of  urea-forsaldeiqrde  resin  with  wood  flour  filler  was  ax^lyzed 
thersogravinetrically  under  inefficient  cotd>ustion  conditions  and  revealed  a 
3-step  degradation:  a gradual  loss  of  weight  below  260®C,  a steep  loss  of 
weight  froa  270®  to  345®C,  and  again  a gradual  less  of  weight  imtil  the  resin 
was  co^letely  combusted  at  610®C  ( 9 ) • Qualitative  analysis  showed  the 
presence  of  carbon  dioxide,  carbon  sonoxide,  methane  and  large  quantities  of 
asaaonia  and  hydrogen  cyanide  ( 9 ) . 

A coin>arison  of  Che  coz9uscion  products  of  urea-fomaldehyde  resins, 
wool  and  white  pine  showed  chat  co^ustion  of  wool  produced  oore  hydrogen 
cyanide  and  carbon  sonoxide  Chen  the  resin.  No  hydrogen  cyanide  was  produced 
from  cozdnjstion  of  white  pine  ( U ) . 

The  rate  of  air  flow  and  tesperature  influence  the  combustion  products 
of  the  resin.  At  8(K)°C  and  100  1/hr  air  flow  rate,  only  carbon  dioxide  was 
detected.  .At  a slower  air  flow  rate  (50  l/hr),  carbon  sonoxide  and  hydrogen 
cyanide  also  appeared.  At  700®C,  nitrous  oxide  was  detected.  Pyrolysis 
of  the  resin  in  an  atmosphere  of  nitrogen  at  700®C  released  amoonia  (12). 


The  stability  of  urea-formaldehyde  resins  against  ultraviolet  irradiation 
was  studied  by  applying  a fils  of  the  resin  on  Che  KBr  plate  of  the  infrared 
spectrophotoaeter.  After  ultraviolet  irradiation  for  300  hours,  no  changes 
in  physical  appearance  of  the  fils  were  observed.  Infrared  spectroaetry 
studies  shoved  only  a slight  decrease  in  intensity  of  all  the  bands  and  the 
appearance  of  a new  band  characteristic  of  isocyanide  and  isocyanate  group 
absorption  (59) . 


b.  Biological 

The  highlv  polymerized  urea— fonaaldehyde  resins  uo  not  appear  to  be 
metabolized  and  degraded  by  plants  and  animals.  Under  slightly  acidic  condi- 
tions (pH  5-6),  the  completely  cured  resins  aay  be  partly  degraded  by  soil 
aicroflora  over  a long  period  of  time  (26  veeks)  (61) , 

The  low  molecular  weight  condensation  products  are  degraded  by  soil  micro- 
flora to  provide  soluble  nitrogen  sources  for  plant  growth.  The  most  promising 
products  for  use  as  fertilizers  were  found  to  have  U/F  molar  ratios  equal  to 
1-2-1. 4 ( 4£.60  ).  Involvement  of  microflora  for  the  degradation  of  the  resin 
was  confirmed  by  measuring  the  evolution  of  carl>on  dioxide,  the  extent  of  ni- 
trification and  effects  on  plant  growth  in  sterilized  and  unsterilized  soil 
(^8). 

The  effect  of  pH  on  the  mineralization  of  the  condensation  products  was 
studied  for  26  weeks  in  20  soils  having  initial  pH  'values  ranging  from  3.9  to 
7.8  (61).  The  hipest  rates  of  nitrification  occurred  in  soils  with  pH 
values  of  5-5-6-0-  Soil  microflora  did  not  seem  to  play  a role  in  acid  degrada- 
tion. 


The  rate  of  mineralization  of  urea-formaldehyde  fertilizer  was  found  to 
increase  with  higher  teiseratures  following  first  order  reaction  kinetics  ( 62  ) . 

A long  term  study  (7  years)  with  turf  grass  showed  that  urea-formaldehyde 
fertilizer  gave  the  best  results  at  the  end  of  the  study  as  determined  by  yield, 
color,  and  soil  nitrogen  content  (53). 

The  decomposition  in  soil  of  4 simple  condensation  products  of  urea  and 
formaldehyde  with  known  chemical  structures  showed  that  the  rate  of  minerali- 
zation decreased  with  increasing  chain  length  ( 83  ) . Methylene  diurea  decozmosed 
very  rapidly  and  copletely  in  acid  soil  (pH  5.4).  Dime  thy  lene-triurea  de- 
graded less  rapidly  and  reached  copletion  by  the  end  of  26  veeks  in  acid  soil. 

The  decopcsiticn  of  trirsethylene-tetraurea  proceeded  slowly  and  steadily  in 
acid  soil  and  appeared  to  be  most  promising  as  a slow  fertilizer.  Tetranethylene- 
pentaurea  decoposed  very  slowly  and  reached  only  15X  mineralization  at  the  end 
of  26  veeks.  The  addition  of  lime  to  the  soils  re  ‘uced  the  rate  of  mineraliza- 
tion of  all  the  copounds  tested. 


5-  Bioaccumulation 

Ho  reports  on  bioaccumulation  of  urea-formaldehyde  resins  in  the  environ- 
ment were  foimd  in  the  literature. 


L.  PnajSTBiAL  HYGIEHE  STANDARDS  AND  PRACTICES 

Since  the  highly  polymerized  urea-formaldehyde  resins  and  urea  itself 
are  not  coiisidered  to  be  toxic,  the  industrial  hazards  involve  mainly  the 
formaldehyde  which  is  inadvertently  released  into  the  air. 
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1.  Threshold  Linit  Values  (TLV)  and  Standards 

There  are  no  TLV  or  OSHA  standards  set  for  urea-foraaldehyde  resins  in 
the  vorkroos  environaent.  The  current  OSHA  standard  for  fornaldehyde  for 
8-kour  tirae-veighted  average  is  3.6  ng/a^.  The  i33::iEua  ceiling  linit  is 
12  ng/a^  for  30  ai notes  during  an  8-hour  shift-  NIOSH  reco:s!ends  1.2  ag/a^ 
ceiling  for  30  ninutes  ( 64  ) . 

2.  Industrial  Health  and  Safety  Practices 


r 


p • 


i 


« 


i 


Kost  of  the  industrial  hazards  in  the  aanufacture  and  application  of 
these  resins  were  reported  outside  of  the  United  States  (67-71).  A few  cases 
of  occupational  deraatoses  were  reported  in  the  United  States  only  during 
the  early  years  of  coasercial  application  of  these  resins  (18,19) . After  a 
coCTletely  enclosed  systea  for  their  aanufacture  ifas  adopted,  no  reports  of 
industrial  hazards  have  been  found.  The  safety  practices  involve  engineering 
and  medical  aspects  as  recoasended  by  the  Bureau  of  Industrial  Hygiene, 

Michigan  Department  of  Health  (20) . 

a.  Engineering  Control  Aspect 

The  recocmended  safety  practices  are:  enclosed  operation,  adequate  venti- 
lation, cool  room  tesperature,  mechanical  operation,  and  segregated  operations 
in  the  plant.  Waste  water  containing  formaldehyde  can  be  treated  with  lime  to 
reduce  its  concentration  100- fold  in  3 days  (72  ). 

b.  Hygiene  Aspects 

Personal  hygiene  of  workers  is  inportant.  Frequent  washing  of  exposed 
skin,  protective  clothing  and  creass,  and  adequate  education  of  workers  and 
medical  check-ups  are  recommended  (20)- 

3.  Safety  Measures  for  Storage  of  Resins 

The  slow  release  of  formaldehyde  from  incompletely  cured  resin  should 
be  considered  during  storage-  Fire  hazards  that  might  generate  toxic  gases 
such  as  hydrogen  cyanide,  carbon  monoxide  and  azmonia  from  the  resin  should  be 
prevented . 


.AKALYSIS 


The  methods  used  for  the  analysis  of  urea-formaldehyde  resins  include 
paper  chromatography,  thin-layer  chromatography,  and  infrared  spectrophoto- 
metry ( 78,80,83,84  )-  Free  formaldehyde  can  be  analyzed  by  chemical  methods 

which  include  reaction  with  chronotropic  acid,  Schiff*s  reagent,  or  Purnald 
(15,85-88). 
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ENVIRONMENTAL  IMPACT 


Fron  the  available  literature  it  is  clear  that  urea— fomaldehyde  resins 
differ  greatly  in  their  conaosition,  degree  of  polynerization,  and  content 
of  free  foraaldehyde - The  toxicity  of  the  resins  on  husans  and  anioals  and 
the  effects  on  plants,  nicroorganisEs  and  soil  organisss  also  vary  according 
to  the  quantity  of  free  formaldehyde  present  in  the  sanple.  In  general,  the 
effects  of  these  resins  on  the  envircnment  can  best  be  discussed  according 
to  their  degree  of  polyaerization- 

The  highly  polymerized  resins  are  very  stable  under  ordinary  conditions. 
Since  they  are  not  degraded  by  soil  aicroflora  to  any  appreciable  extent,  it 
is  likely  that  they  probably  will  persist  in  the  environment  even  though  bio- 
accumulation studies  have  not  been  conducted.  This  type  of  resin  is  only 
broken  down  by  incineration  when  various  gaseous  products,  such  as  hydrogen 
cyanide,  carbon  monoxide,  carbon  dioxide,  ammonia,  etc.,  are  released  depend- 
ing an  combustion  conditions. 

The  low  molecular  weigjit  condensation  products  are  very  unstable  and  do  not 
tend  to  accumulate  in  the  environment.  They  are  easily  decomposed  especially 
under  hot  humid  weather  to  release  free  formaldehyde.  Their  effects  on  micro- 
organisms depend  on  the  proportion  of  urea  and  formaldehyde  in  tre  nroduct. 

Khen  the  quantity  of  urea  is  less  than  that  of  formaldehyde,  the  product  has 
antibacterial  activity  due  to  the  slow  release  of  formaldehyde,  and  has  been 
applied  clinically  to  treat  certain  skin  infections.  Khen  excess  urea  is 
present  in  the  product,  no  harmful  effects  on  microorganisms  have  been  observed. 
On  the  contrary,  the  product  has  been  used  as  fertilizer  which  is  degraded 
by  soil  microflora  to  produce  soluble  nitrogen  compounds  for  growing  plants. 
Thus,  the  highly  polymerized  resins  are  not  degraded  and  tend  to  accumulate 
in  the  environment,  whereas  the  low  molecular  weight  condensation  products 
are  degraded  to  release  formaldehyde  and  other  nitrogenous  compounds.  If 
the  product  is  not  confined  in  a limited  space,  the  released  formaldehyde 
could  be  dissipated  in  open  air  and  washed  down  and  diluted  by  rainwater-  The 
nitrog^  JUS  breakdown  compounds,  if  not  completely  taken  up  by  plants,  will  be 
carried  by  leaching  water  to  streams  where  they  may  be  absorbed  by  aquatic  or- 
ganisms and  plants  and  eventiially  enter  into  the  food  chain;  however,  reports 
as  to  the  effects  of  these  resins  on  aquatic  organisms,  birds,  and  wildlife  are 
not  available  in  the  literature. 
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RECOlfilENnATIONS  FOR  FURTHER  STUDIES 


Urea- formaldehyde  resins  can  be  regarded  as  two  types  of  polyoers:  the 
highly  polymerized  products  that  are  stable  and  not  considered  to  be  toxic, 
and  the  low  molecular  weight  condensation  products  that  decompose  easily  to 
release  formaldehyde-  The  properties  and  effects  of  each  are  quite  different - 
Resins  produced  from  different  sources  contain  various  quantities  of  free 
formaldehyde,  e-g-,  MF-17,  29%  formaldehyde,  UKS,  1-2%.  This  variation  should 
be  considered  when  evaluating  studies  performed  by  different  investigators. 
Thus,  carefully  controlled  toxicological  studies  with  chemically  analyzed 
resin  samples  should  be  conducted. 

The  following  gaps  in  toxicological  and  environmental  data  are  listed  in 
Table  IV  for  both  types  of  resins.  The  in5>ortant  points  are: 

1-  To  ascertain  the  degree  of  polymerization  and  the  amount  of  free 
formaldehyde  in  the  resin  to  be  tested,  because  the  content  of 
formaldehyde  affects  the  toxicity  of  the  resins. 

2-  To  initiate  Phase  I toxicological  studies  (see  Table  IV).  Although 
inhalation  and  dermal  studies  have  been  undertaken  by  Russian  in- 
vestigators, detailed  experimental  conditions  and  controls  were  not 
reported  clearly  in  their  studies,  which  makes  them  of  limited  utility. 
These  investigations  were  not  considered  in  preparing  Table  TV. 

3-  To  consider  initiation  of  Phase  II  and  Phase  III  studies.  Studies 
assaying  reproductive  and  teratogenic  effects,  carcinogenicity  or  other 
chronic  diseases  are  unavailable. 


•m 


TABLE  IV 

GAPS  IN  TOXICOLOGICAL  AND  ENVIRONMENTAL  DATA 
ON  UREA-FORMALDEHYDE  RESINS 


Phase  I: 

Acute  oral  LD50 

X 

Acute  inhalation  LC50 

X 

Eye  irritation 

X 

Skin  sensitization 

X 

Metabolisn^ 

X 

Mutagenesis 

X 

Phase  II: 

Subacute  inhalation  studies 

X 

Phase  III: 

Chronic  inhalation  studies 

X 

Fertility,  reproduction 

X 

Teratology 

X 

Metabolisn^ 

X 

Environnental  Studies: 

Effects  on  aquatic  organises 

X 

Effects  on  plants*^ 

Effects  on  docestic  aninals 

X 

Effects  on  wildlife 

X 

Biodegradation 

^etaboliSQ  will  induce  absorption,  distribution,  excretion,  and  pharsaco- 
kinetics,  using  radio-labeled  cater ial. 

°This  will  include  the  identification  and  possible  isolation  of  any  cetabolities . 

*^ests  should  be  run  if  the  specific  plant  receiving  the  resin  has  not  been 
so  tested. 

X narks  indicate  that  an  adequate  study  has  not  been  undertaken. 
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Infomation  Sources  Esaained 


Coaputer  Searchable  Data  Bases 

1 — Ttacional  Technical  Infomation  Services  (searched  on  Oct.  5,  1977) 

2 - Toxline/To3d>ack  (searched  on  Septeri>er  20,  1977) 

3 - Chemical  Condensates  (searched  on  September  27,  1977) 

4 - ISI  SCISEARCH  (searched  on  Oct.  5,  1977) 

5 - Cancerline  (searched  on  October  4,  1977) 

6 - SIOSE  Technical  Infomation  Center  file  (received  on  Oct.  11,  1977) 

7 - Defense  Docinsentation  Center  (received  on  Septeaber  25,  1977) 

8 - Enviroline  (received  on  Oct.  11,  1977) 

9 - Kater  Resources  Scientific  Infomation  Center  (WRSIC) 

(received  on  October  6,  1977) 

10  - Office  of  Hazardous  Materials/Technical  Assistance  Data  Systea 

(OEH/TADS)  (received  on  October  6,  1977) 

11  - Pollution  .Abstracts  (received  on  Oct.  11,  1977) 


12  - AGRICOLA  (received  on  Oct.  17,  1977). 


Hard  Boxmd  Secondary  References 

1.  Checical  Abstracts  - V.  1 (1907)  - v.  75  (1971) . 

2.  Index  Hedicus  - V.l  (1927)  - ¥.18  (No.  4),  1977. 

3.  Excerpta  Medica  ■“  sections  entitled  Toxicology  and  Phanaacology, 
Occupational  Health  and  Industrial  Kedlcine,  Cancer,  Hnvlronaeatal 
Health  and  Pollution  Control  (covering  Vol.  1 throu^  last  voluae 
available  in  1976)  vere  exaained. 

4.  Engineering  Index  - (covering  1940  through  1977,  issue  #3). 

5.  Biological  Abstracts  - [covering  Vol.  1 (1927)  throng  Vol.  64,  #6 
(1977)]. 
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